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INTRODUCTION 
One of the major factors that determines the optimum population for a 
stand of corn (Zea mays L.) is barrenness, the failure of a plant to pro­
duce a normal ear. In addition to high plant densities, barrenness may be 
caused by insects, diseases, and moisture and mineral deficiencies at low 
plant populations. Research into the factors affecting barrenness at high 
plant densities have lead to some basic understanding of certain ecological 
principles, but the physiological determinates of barrenness with increas­
ing population densities remain rather vague. 
Grain yield may be markedly reduced by barrenness when many of the 
currently commercial hybrids are planted above the common populations of 
about 44,000 to 50,000 plants per hectare. Because of the increasing prac­
tice of planting higher populations, it is desirable to understand the fac­
tors affecting barrenness to permit selection of hybrids which will respond 
to high population with reduced barrenness and larger grain yields. 
It is known that greater than optimum populations elicit diverse 
responses from different corn hybrids. Also, a given hybrid may respond 
differently depending on whether it has normal or male-sterile cytoplasm. 
Male-sterility is one factor that can affect the degree of barrenness of a 
given hybrid. Therefore, a study comparing the two forms of cytoplasm 
might give some insight into the cause of increased barrenness at high pop­
ulations . 
The development of corn hybrids that will tolerate very dense plant­
ings would seem to be of an objective of paramount importance to the 
breeder. Until such hybrids exist, the high rates of photosynthesis, which 
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are potentially possible from corn canopies intercepting nearly all the 
incoming solar radiation (Williams, Loomis and Lepley, 1965a and 1965b), 
cannot be converted into maximum grain yields. 
As a result of these considerations, experimeucà were conducted in 
1968 and 1969 in an attempt to determine why some hybrids are more tolerant 
to high populations than others and what characteristics could be useful to 
corn breeders in the selection of population-tolerant genotypes. 
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I.ITERATURE RKVIEW 
Planting densities change with technology: higher fertility levels, 
good weed control, and improved hybrids which stand and yield well at high, 
planting rates have permitted use of considerably higher densities of corn 
(Zea mays L.) in recent years. Reports of high yields from populations of 
50,000 or more plants per hectare are becoming common (Lang et al., 1956; 
Everett and Crowder, 1965; Pendleton, 1965; Rutger and Crowder, 1967a; 
Nunez and Kamprath, 1969). Lang et al. (1956) also noted that hybrids 
respond differentially to plant populations. 
Maximum corn grain yields are commonly obtained at leaf area indices 
(LAIs) of 3.5 to 4.5 (Eik and Hanway, 1966; Nunez and Kamprath, 1969). 
However, researchers have reported maximum dry matter accumulation for corn 
at much higher LAIs (Williams et al., 1965b; Rutger and Crowder, 1967a; 
Williams et al., 1968). Williams et al. (1965b) found crop growth rate 
usually approached asymptotic values at high LAIs, even when such indices 
approached 18 (plant density of 283,000 plants per acre or approximately 
700,000 plants per hectare). The decline in corn grain yield accompanying 
LAIs above approximately 4.0 or 4.5 is due to a reduction in ear number 
and/or size. 
Nunez and Kamprath (1969) found a linear reduction in leaf area per 
plant as the plant population increased. They also reported a linear 
increase in LAI as plant population increased over the range of 34,500 to 
69,000 plants per hectare, whereas a quadratic equation defined more pre­
cisely this relationship as the range became greater (34,500 to 102,500 
plants per hectare). The optimum plant population or LAI for grain yield 
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has been found to vary markedly between locations, years, and fertility 
regimes (Duncan, 1958; Dungan et al., 1958; Nunez and Kamprath, 1969). 
Other workers (Rossman, 1965; Lang et al., 1956; Stinson and Moss, 1960; 
Hageman et al., 1961; Colville et al., 1964; Schwanke, 1965; Earley et al., 
1966; Cardwell, 1967; Russell, 1968) have shown that significant differences 
exist among hybrids in their ability to tolerate high populations. 
Barrenness - the failure to produce a normal ear - as well as yield is 
often used as a basis for classifying a genotype as population tolerant or 
population intolerant. Usually, there is a high correlation between yield 
and barrenness at high populations (Stinson and Moss, 1960; Pendleton and 
Seif, 1961; Woolley et al., 1962; Stickler, 1964; Timmons et al., 1966; 
Rutger and Crowder, 1967a). 
Published work has indicated that competition for light is a principal 
cause of the inability of some hybrids to tolerate dense plantings. Stinson 
and Moss (1960) reported an average reduction in grain yield of 41% and 19%, 
respectively, for the intolerant and tolerant hybrids when subjected to 20% 
reduction in net radiation. Although barrenness increased for both types 
of hybrids when subjected to shading, the incidence of barren ears was more 
than four times as great for the intolerant hybrids as compared to the tol­
erant hybrids. Barrenness contributed more than did ear size to the dif­
ferential response of the two groups to shading. The authors concluded: 
(1) hybrids differ in their capacity to utilize light in the production of 
grain and (2) the differences which hybrids show in the utilization of 
light are related to their level of performance in dense populations. In 
later studies, Earley et al. (1966) reached similar conclusions. Moss 
(1960) reported on follow-up studies of the work of Stinson and Moss (1960). 
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"The difference in grain yield between tolerant and intolerant varieties in 
the shade environment were due not to a difference in photosynthesis 
directly, but rather to a different capacity to utilize the products of 
photosynthesis for production of useful material when the supply of prod­
ucts was minimal. The conversion of solar energy to chemically bound 
energy was occurring about equally in both groups." However, it was 
pointed out that total-plant yields were reduced 40% in both tolerant and 
intolerant groups when light intensity was reduced about 45%. Moss con­
cluded that reduced total-plant yields are due to reduced light intensity 
and, therefore, reduced photosynthesis. 
Moss (1960) found no significant varietal differences in photosynthe­
sis either among inbreds or between inbreds and single crosses. But 
Heichel and Musgrave's (1969) data implied that single-cross varieties 
often exhibit heterosis for photosynthesis and that this photosynthesis may 
have contributed to the greater growth of the hybrids. However, Heichel 
and Musgrave (1969) were using single, attached leaves, whereas Moss (1960) 
was measuring photosynthesis of eight plants enclosed in a plastic chamber. 
The results of an investigation by Miflin and Hageman (1966) into the 
genetic basis of possible differences in the activity of isolated chloro-
plasts of 5 maize inbreds and 7 of their Fl hybrids showed differences in 
chloroplast activities among the inbreds. The hybrids exhibited heterotic 
growth, but no heterosis was exhibited with respect to chloroplast activity-
A paper by Earley et al. (1967) showed that shading had its greatest 
effect on potential grain production when applied during the reproductive 
phase. These workers found that shading during a 21-day period following 
tassel emergence had a greater effect on grain yields than extended shading 
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either before or after this period. These results agree with those of 
Prine (1967) who thinned five hybrids from 44,500 to 22,250 plants per hec­
tare at two different times during the season. He reported that between 45 
and 63% of the maximum measured reduction in ear number occurred during a 
nine- to ten-day period following the beginning of silking. However, his 
first thinning was not until some plants had begun to silk. 
Moss and Stinson (1961) observed that the differential response of 
tolerant and intolerant hybrids in the shade was largely determined by the 
time the shaded plants flowered. This agrees with the results of Sass and 
Loeffel (1959) who observed that, "Comparison of the data at 68 and 74 days 
(after planting) indicated that the brief intervening interval of six days 
is highly critical for the final phase of differentiation of the ear and 
the elongation and extension of silks. Silks had emerged on very few of 
the single crosses and on none of the inbreds in the foregoing 74-day col­
lections". These workers (with the exception of Sass and Loeffel, 1959) 
have emphasized the role of light intensity; however, moisture stress 
(Kiesselbach, 1950; Denmead and Shaw, 1960) or excessive temperatures 
(Lonnquist and Jugenheimer, 1943; Shaw and Thorn, 1951b) or inadequate 
nutrients (Berger et al., 1957; Lang et al., 1956; Dungan et al., 1958; 
Nunez and Kamprath, 1969) during this critical period also can markedly 
limit potential grain production. 
The time between anthesis and silking lengthens as population 
increases (Kiesselbach, 1950; Dungan et al., 1958; Shaw and Thom, 1951b, 
Sass and Loeffel, 1959; Moss and Stinson, 1961; Woolley et al., 1962; 
Schwanke, 1965; Cardwell, 1967; Meyer, 1970) and intolerant hybrids have a 
longer delay than those more tolerant (Moss and Stinson, 1961; Schwanke, 
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1965; Earley et al., 1967; Meyer, 1970). Lonnquist and Jugenheimer (1943) 
and Sass and Loeffel (1959) have implied that the primary cause of barren­
ness is the lengthening of this anthesis to silking period, i.e. by the 
time late silks emerge, no viable pollen remains. This possibility seems 
unlikely in research plots where, normally, pollen from many different 
maturity sources is present for a rather extended period of time. Support­
ing evidence that this is not the only or even primary cause of barrenness 
comes from Earley et al. (1966) who hand pollinated all plants with viable 
pollen and still obtained a high degree of barrenness in some hybrids. 
Moss and Stinson (1961) reasoned, since slow silk emergence and limited 
silk development seemed to be related, that both of these phenomena were 
the manifestation of something more basic. They indicated that hybrid dif­
ferences in population tolerance were not caused by photosynthetic differ­
ences but rather by differences in the translocation patterns of the photo-
synthate. 
Considerable evidence indicates that population tolerance is related 
to an intra-plant competition for photosynthate, particularly between the 
developing tassel and ear primoridia. Bonnett (1954) states axilliary 
shoots develop in acropetal succession, and during the early stage of plant 
development, they are largest at the base of the plant and progressively 
smaller toward the apex. Later, when the ears begin to develop (after tas­
sel elongation is nearly complete), the size sequence is reversed. A close 
relationship between tassel and ear development was shown in Collins' 
(1963) data. Due to apical dominance, ear deve^ jment was drastically sup­
pressed until tassel elongation was nearly complete. The development 
and/or initiation of abortion of a second ear was determined by the degree 
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of suppression by the top ear in the three-day period before silking. The 
investigation by Sass and Loeffel (1959) of the pre-silking ear development 
of two single crosses and four inbreds revealed no differences between high 
and low populations in ear length or development as late as Six days before 
incipient silking. When the first silks emerged, significant population 
effects were evident, indicating that intra-plant competition had its 
greatest effect on ear development during this short time period. 
When studying the effect of preventing fruiting on the accumulation of 
sugars in the corn stem, Sayre et al. (1931) observed that preventing pol­
lination and, consequently, fruiting was associated with a "gradual" accu­
mulation of total sugars. Barrenness brought about by the drought resulted 
in a similar accumulation of total sugars. 
Data obtained from experiments where defoliation and/or removal or 
bagging of the ear shoots at different stages of development were performed 
lead Loomis (1945) to conclude that translocation in maize is polarized. 
"Polarized translocation out of the leaf is established during the later 
stages of tissue differentiation. Polarized translocation toward the fruit 
is established in the early phases of embryo development and does not 
develop in the absence of pollination." 
Using to study photosynthate distribution in the corn plant, 
Eastin (1970) found a very specific relationship between leaf position and 
leaf function. When the hybrid "W-415" was planted at 44,470 plants per 
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hectare and the leaves were fed CO^ at silking, the upper leaves in gen­
eral contributed about the same quantity of photosynthate to the upper stem 
and tassel and the ear, with small amounts of C-14 going to the lower por-
14 
tion of the plant. When the second leaf above the ear was fed CO^, a 
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definite shift in C-14 distribution to the ear occurred. The polarization 
to the ear was still strong from the ear leaf. Moving two or more leaves 
below the ear, distribution to the lower stem and root system predominated. 
However, plants fed at the same leaf positions, but 20 days later when 
the upper stem, leaves, and tassel had stopped growing and the ear was grow­
ing much more rapidly, the photosynthate distribution patterns were differ­
ent. All of the leaves above the ear contributed photosynthate primarily 
to the ear while those below the ear contributed to the lower stem and root 
appreciably, as well as to the ear. Eastin (1970) observed a genotype as 
well as a developmental stage effect on the relation between leaf position 
and photosynthate distribution. 
Investigation of sugar concentrations in the stalk and leaves have for 
the most part been concerned with the post-pollination period. In all 
cases, barrenness has been associated with an increase in stalk sugars 
(Barr, 1939; Loomis, 1935; Kiesselbach, 1948; Moss and Stinson, 1961; Moss, 
1962). Van Reen and Singleton (1952) reported the sucrose content of the 
lowest internode to increase rapidly from the late whorl stage through the 
pollination period (about one month later) and then began decreasing 
approximately three weeks after pollination. Differences in stalk sugar 
concentration could not be explained in terms of amount of grain produced. 
The inbreds C103 and Wf had the highest sucrose levels while 38-11 and Hy 
had the lowest. With respect to tolerance and intolerance, the former had 
been reported as intolerant and the latter as tolerant to high population 
(Stinson and Moss, 1960; Knipmeyer et al., 1962; Collins, 1963; Zieserl 
et al., 1963; Barley et al., 1966, 1967). Sowell et al. (1961) in their 
studies with compact and normal Hy observed higher fructose concentrations 
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in the stem and leaf sheath of the normal inbred Hy than the compact mutant 
at ten days prior to silking, but by the silking stage, there was no sig­
nificant difference in fructose content. At 128,500 plants per hectare, 
the compact produced only 57» barren plants, whereas normal Hy produced 62% 
barren plants. Moss and Stinson (1961) found higher sugar concentration in 
the stalks of intolerant hybrids, compared with tolerant hybrids, but their 
sugar measurements were not made until September 29. Several workers 
(Sayre et al., 1931; Van Reen and Singleton, 1952; Moss and Stinson, 1961; 
Sowell et al., 1961; Campbell, 1964) found sugar concentrations to be 
higher in barren plants, compared with plants bearing an ear, but little 
evidence exists which would indicate that hybrid differences in stalk sugar 
content are a cause, rather than a result, of differential population tol­
erance . 
Research data from Illinois suggests that population tolerance may be 
more related to nitrogen metabolism than carbohydrate metabolism. Hageman 
and Flesher (1960), Hageman et al., (1961), Knipmeyer et al., (1962), 
Zieserl and Hageman (1962), and Zieserl et al., (1963) have implicated the 
enzyme nitrate reductase, which is concerned with reduction of nitrate to 
nitrite as the first step in nitrogen assimilation into amino acids and 
protein, as a controlling factor in determining the population tolerance of 
a variety. In several experiments (Hageman and Flesher, 1960; Hageman 
et al., 1961; Zieserl et al., 1963), tolerant varieties had higher levels 
of soluble protein and nitrate reductase activity per gram of leaf fresh 
weight than an intolerant variety, Wf9 x C103. The activity of this enzyme 
is associated with amount of solar radiation, internal moisture of the 
plant, and level of nitrate in the soil. Increasing shade and increasing 
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population caused lower levels of nitrate reductase activity and resulted 
in an increased nitrate accumulation in the plant. 
Considerable amount of data supports moisture as being a major factor 
in reducing yields and increasing barrenness. Tatum (1954) indicated one 
of the observed types of drought damage is barrenness and concluded an 
apparent association between barrenness under droughty conditions and bar­
renness due to high plant populations. The most critical period for mois­
ture stress, as with other environmental stresses, encompasses the processes 
of tasseling, silking, and fertilization. Shaw and Loomis (1950) observed 
moisture deficits just prior to tasseling resulted in an increased percent­
age of stalks which failed to develop an ear shoot to the silk stage. Data 
presented by Denmead and Shaw (1960) indicated moisture stress during the 
tassel emergence to silking interval resulted in 50% yield reduction but 
only 20-25% yield loss for earlier or later periods of stress. Observa­
tions by Robins and Domingo (1953), Zuber and Decker (1956) and Barnes and 
Woolley (1969) agree that lack of moisture expresses itself in delayed 
silking, inadequate pollination, and fertilization. 
The increase in barrenness associated with an increase in plant popu­
lation may be co a lack of mineral nutrients. Much of the literature 
relevant to plant population and soil fertility interactions, published by 
1958, was reviewed by Dungan et al. (1958). The results of Lang et al. 
(1956) and Hinkle and Garrett (1961) illustrate the general findings of 
soil fertility and population interaction studies. Examination of ears per 
plant, weight per ear, and -weight per kernel (components of yield) revealed 
that ears per plant, which is a measure of barrenness, was influenced the 
most by population and to a lesser degree by the added nitrogen. 
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In general, literature concerning the effect of planting date on bar­
renness is quite limited, but numerous recent reports support the yield 
superiority of early dates. Data presented by Rossman (1965) and Rossman 
and Cook (1966) demonstrates the superiority of early May plantings in 
Michigan. May 1-9 plantings average 9% greater yields than May 12-20, 16% 
greater than May 22-31, and 27% higher than June 1-11 plantings. These 
general results are supported by the data of Dungan (1944), Stringfield and 
Anderson (1954), Hume et al. (1956), Grogan et al. (1959), Benoit et al. 
(1965), Boone et al. (1966), Cardwell (1967), and Pendleton and Egli (1969). 
Pendleton and Egli (1969) found seedings made in the field May 14 and 
May 31 gave yield reductions of 103 kilograms per hectare per day as com­
pared to the yield of April 30 seeding. 
Cardwell (1967) also observed the high population-intolerant hybrids 
produced the higher yields with the earliest plantings and the lowest 
yields with the latest plantings. High population-tolerant hybrids were 
affected less by date of planting but exhibited a decline in yield with 
delay in planting. Barrenness increased markedly with the mid-May and June 
plantings, with the greatest changes observed for the high population-
intolerant hybrids. 
The general observation that delaying the date of planting reduces the 
time between planting and silking has been reported by Kiesselbach et al. 
(1935), Rounds et al. (1951), Grogan et al. (1959), and Cardwell (1967). 
Grogan et al. (1959) observed no difference between tasseling and silking 
dates as a mean for eight hybrids in Missouri at three different dates of 
planting. Data for individual hybrid response were not presented. Cardwell 
(1967) reported silking was delayed more relative to the anthesis date for 
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the high population and for the later dates of planting for all hybrids 
with the population-intolerant hybrids exhibiting the greatest silking 
delay. Although Ragland et al. (1966) found potential ear size as measured 
by rows per ear and kernels per row to increase with delay in planting, 
Hatfield et al. (1965) observed that actual kernels per ear and grams per 
ear decreased with delay in planting. Norden (1961) also reported a 
marked reduction in ear weight with late plantings. Cardwell (1967) found 
that stover yields did not vary significantly with dates of planting. The 
grain-stover ratio differed widely with date and hybrid, with late plant­
ings having much lower grain-stover ratios due to the reduction in grain 
yields. The late data of planting reduced total sugars in the stalk 41% 
and nitrate reductase activity in the leaves 34% relative to those obtained 
for the first planting. Cardwell (1967) concluded the increased yields 
obtained with early dates of planting appeared to be a function of reduced 
barrenness due to higher levels of plant sugar and nitrate reductase 
activity. 
However, studies in Nebraska by Kiesselbach et al. (1935) indicated no 
advantage for any planting date between April 25 and June 14 due to factors 
which cannot be predicted at the beginning of the season, such as timeli­
ness of rain, the occurrence of drought and hot winds, and the length of 
the growing season. 
Results of a variety of experiments involving inbreds and hybrids at 
various populations show considerable evidence that the response of geno­
types to population and the resulting level of barrenness are genetically 
controlled (Lang et al., 1956; Dungan et al., 1958; Woolley et al., 1962; 
Zieserl et al., 1963; Collins et al., 1965; Rossman, 1965; Schwanke, 1965). 
The intolerance of the single cross Wf9 x C103 to high plant popula­
tions has been demonstrated at separate locations and times by Lang et al. 
(1956), Woolley et al. (1962), Zieserl et al. (1963), Schwanke (1965), and 
Car dwell (1967). Lang et al. (1956) showed Wf9 x C103 had an optimum popu­
lation of about 29,700 plants per hectare whereas Hy x 07 continued to 
increase in yield up to 49,400 plants per hectare. Stringfield (1962) 
indicates shade tolerance is a genetic variable, and it is associated with 
crowding tolerance. 
Many workers have shown that prolific hybrids tend to be less subject 
to genotype x environment interaction than normal one-eared hybrids 
(Freeman, 1955; Zuber and Grogan, 1956; Josephson, 1957, 1961; Bauman, 
1960; Zuber et al., 1960; Collins et al., 1965; Crews and Fleming, 1965; 
Andrew, 1967; Russell, 1968; Russell and Eberhart, 1968). According to Zuber 
and Grogan (1956), prolific hybrids are more stable to population changes 
than single-eared hybrids because of their multi-eared characteristics and 
thus have a higher optimum population. Collins et al. (1965) compared 36 
single crosses involving one-eared and two-eared inbred lines for two years 
at two locations with four populations at each location. The two-eared x 
two-eared single crosses were the most stable in their yield response to 
changes in populations and environments. They stated that two-ear germ 
plasm appears to offer a possibility for increasing yields from present 
levels because of some physiological reasons which are unknown. They spec­
ulated the presence of a second outlet on a plant for grain, production may 
permit the maximum utilization of available photosynthate. 
Crews and Fleming (1965) noted plants of the two-eared hybrid had a 
greater increase in yield than plants of the one-eared hybrid as space per 
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plant increased, due to a significant increase in ear size. Josephson 
(1961) stated that prolific hybrids exhibit a sharp reduction in average 
number of ears per plant as planting rates are increased. Single-eared 
hybrids can produce no more than one ear per plant with low populations, 
and some have a tendency to produce barren stalks with increased plant com­
petition. The greatest advantage of prolific hybrids, according to 
Josephson (1961), appears to be their ability to produce at least one good 
ear on each stalk with high rates of planting (the highest rate was usually 
about 44,500 plants per hectare). Work by Andrew (1967) supports this view, 
as he found barrenness was directly proportional to population, and the 
single-eared hybrid showed relatively more barrenness at the high popula­
tion and under dry conditions than the multiple-eared sweet-corn hybrid. 
Russell (1968) studied tea single-ear and ten two-ear inbred lines of 
c o r n  w h i c h  w e r e  c r o s s e d  w i t h  t w o  t e s t e r s  ( a  o n e - e a r  s i n g l e  c r o s s ,  1 x 1 ,  
and a two-ear single cross, 2x2) and compared them for grain yield at 
four plant densities at two locations for three years. The plant densities 
ranged from 29,000 to 58,100 plants per hectare. The (2 x 2) x 1 group had 
the lowest yield when averaged over all stand densities and environments; 
the other three groups had nearly equal mean yields. The (2 x 2) x 2 group 
had its highest yield at 58,100 plants per hectare, whereas the highest 
yields of the other three groups were obtained at 38,700 plants per hec­
tare. The incidence of barren stalks at the highest population was four­
fold greater for the (1 x 1) x 1 group than for the (2x2) x 2 group. The 
(2 X 2) X 2 group had 27.0% stalks with second ears at the 29,000 plant 
density, but these second ears accounted for only 9.8% of the total yield. 
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Andrew (1967) stated, "...rainfall had its greatest effect on activa­
tion of buds rather than on proportion of buds which completed development." 
This effect was relatively greater for the prolific hybrid. As pointed out 
previously, data by Collins (1963) indicates that due to apical dominance, 
ear development was drastically suppressed until tassel elongation was 
nearly complete. After the tassel was essentially developed, cob develop­
ment underwent rapid growth basipetally. All the genotypes that showed 
retarded second-ear growth during the three-day period before silking 
failed to produce a second ear even if these cobs produced silks in the 
presence of an abundant supply of pollen. 
Several workers have shown yield advantages from decreasing the compet­
itive ability of the tassel, either through the use of cytoplasmic male 
sterility or removal of the tassels. Use of one or both of these methods 
(Leonard and Kiesselbach, 1932; Grogan, 1956; Duvick, 1958; Chinwuba et al., 
1961; Schwanke, 1965) has resulted in decreased barrenness and increased 
yield for the majority of varieties or hybrids when grown under stress con­
ditions of low moisture, low fertility, and/or high plant population. 
Grogan (1956) attributed the reduction of barrenness following detasseling 
to be primarily due to less competition for nutrients between the developing 
ear and tassel compared to the nondetasseled fertile plants. He (1956) 
predicted that similar results could be expected from cytoplasmic male 
sterility. 
Grogan's (1956) prediction was substantiated partially by Duvick 
(1958) and to a greater extent by Chinwuba et al. (1961) and Schwanke 
(1965). Duvick (1958) compared six normal fertile hybrids and their cyto­
plasmic male-sterile counterparts at six populations ranging up to 54,380 
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plants per hectare, in three midwestern states, for their effect on yield 
and other agronomic characteristics. Male sterility reduced yields at low 
plant populations, but at higher populations, the yields were significantly 
increased and barrenness was reduced. Barrenness was the plant attribute 
most closely related to yield. The extent of sterile superiority was 
greatly affected by genotype and the physical environment during the grow­
ing season (especially during the flowering period). A 41.2% yield 
increase for the male-sterile over the fertile counterpart at a plant den­
sity of 67,950 plants per hectare was reported by Chinwuba et al. (1961). 
Only 17.5% yield advantage was observed at 32,740 plants per hectare. 
Schwanke (1965) compared the effects of detasseled fertile and 
detasseled male-sterile hybrids with their nondetasseled counterparts at 
three populations (29,650, 54,360, and 79,070 plants per hectare). As 
plant populations increased, the response to detasseling increased for most 
hybrids, particularly those that were intolerant to high populations. 
Male-sterile hybrids gave less response to detasseling than their fertile 
counterparts. The nondetasseled male sterile plants produced 5-10% more 
grain than their normal fertile and usually exceeded the yields of their 
detasseled normal fertile counterparts. The yield advantage of sterile and 
detasseled plants was due primarily to reduced barrenness and, to a lesser 
extent, larger ears, which is in agreement with the findings of Grogan 
(1956) and Duvick (1958). Detasseling or male sterility appeared to reduce 
the detrimental effects of high plant densities, consequently raising the 
optimum stand level for maximum productivity of a genotype. Chinwuba et al. 
(1961) and Schwanke (1965) both concluded from their detasseling studies 
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that the response to male sterility seemed to be the result of a decreased 
competition between the tassel and the ear for photosynthates. 
Investigations were conducted by Sanford et al. (1965) to determine if 
there are differences between male-sterile and normal strains of corn in 
nitrogen uptake or distribution among plant parts of a prolific inbred and 
hybrid. They found only slight differences in nitrogen content between 
fertile and sterile plants in the leaves and stems but considerably more 
nitrogen was present in fertile tassels than sterile tassels before 
anthesis, but after anthesis, these differences disappeared. It was sug­
gested that the relatively fewer ears per plant produced by the fertile 
versions (0.22 and 0.42 for the inbred and hybrid, respectively) were due 
to competition for nitrogen between the ear primordia and the pollen pro­
duced by the fertile tassels. Using the same corn varieties and adding 
nitrogen levels, Bruce et al. (1966) demonstrated that reduced levels of 
soil nitrogen reduced the number of observable silked ear shoots, ear diam­
eter, and length of the fertile strains more than sterile strains. However, 
Cardwell (1967) was unable to find consistent differences in nitrate reduc­
tase activity of fertile and sterile strains-
Several researchers report that they find no differences in yield due 
to male-sterile cytoplasm or that male-sterile versions give lower yields 
(Everett, 1960; Josephson and Kincer, 1962). Duvick (1965) points out that 
if one divides all yield comparisons of cytoplasmic male-sterile hybrids 
into two groups - those in which the individual plants were under compara­
tively severe stress versus those in which they were not under severe 
stress (using grain yield per plant as a measure of stress) - the male 
sterile forms will tend to outyield their normal cytoplasm counterparts in 
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the tests which were under relatively high stress, while they will tend to 
yield less than their normal counterparts in the tests which were under 
comparatively less stress. 
Two groups of researchers have attributed part of the yield response 
from detasseling to the increase radiant flux reaching the leaves (Duncan 
et al., 1967; Hunter et al., 1969). From computer models, Duncan et al. 
(1967) estimated yield reductions from tassel shading to range from 4 to 
12% with population densities of 24,710 to 74,130 plants per hectare. 
Hunter et al. (1969) found in three of five cases, tassel removal at or 
near tassel emergence increased grain yields. The increase was larger and 
more consistent at higher populations. When tassels were removed and rein­
serted in the whorls, no yield ad antage was observed. Simulated small 
tassel size (produced by tassel side branch removal) resulted in increased 
yields, also. They (1969) concluded the primary effect of tassel removal 
was an increased amount of light available for leaf photosynthesis. Duncan 
et al. (1967) predicted that male-sterile plants, due to their smaller tas­
sel, should reduce light interception by tassels. 
Greater efficiency of water utilization by male sterile plants has 
, been advanced as another possible explanation for their yield superiority 
under conditions of low soil moisture (Bruce et al., 1966, 1969). 
Plant characteristics other than grain yield have been shown to be 
affected by cytoplasmic male-sterility. For example, barrenness and/or 
number of ears per plant (Duvick, 1958; Sanford et al., 1965; Schwanke, 
1965; Bruce et al., 1966; Vincent, 1968), weight of ears (Bruce et al., 
1966), stalk sugar level (Cardwell, 1967), plant and ear height (Jones, 
1950; Stringfield, 1958; Josephson and Kincer, 1962; Grogan and Sarvella, 
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1964), silking rate (Jones, 1950; Marquez-Sanchez, 1964; Noble and Russell, 
1963), and number of leaves (Duvick, 1965). 
The literature reviewed shows that barrenness is a physiological 
response of the plant to inter-specific and intra-specific competition 
associated with stresses due to such factors as mineral nutrition, moisture, 
light, and/or population. The response may be altered by genotype, cyto­
plasmic male-sterility, and detasseling. The most critical period for 
development of the ear also includes the processes of tassel elongation and 
development and encompasses the period of about three weeks prior to silk­
ing. 
MATERIALS AND METHODS 
Experimental Sites and Fertility 
Experimental sites 
A series of five field plot experiments were conducted in 1968 and 
1969 at the Beach Avenue Research Area south of Ames and at the Agronomy 
Farm west of Ames, respectively. The soil at the Beach Avenue site is a 
Colo silty clay loam underlain with fine sand lenses. The fertility of the 
site was medium to low for nitrogen, phosphorus, and potassium with a soil 
pH of about 6.5. The soil at the Agronomy Farm site is mainly a Nicollet 
silty clay loam. The soil fertility at this site was above average. 
Fertilizer application 
All of the fertilizer rates are given as kilograms of elemental nitro­
gen (N), phosphorus (P), or potassium (K) per hectare. Most of the P and K 
applied was broadcasted prior to fall plowing at each location. All of the 
N was applied prior to or at planting, except for 112 kilogram per hectare 
(kg/ha) sidedressed in 1968. In both years, starter fertilizer was applied 
at approximately 17, 15, and 56 kg/ha of N, P, and K, respectively. The 
total amount of fertilizer applied at each site was as follows: Beach Ave­
nue 241, 74, and 131 kg/ha and Agronomy farm 224, 60, and 140 kg/ha of N, 
P, and K, respectively. 
Genetic Material and Test Procedure 
Genetic material 
Corn (Zea mays L.) genotypes (all single-crosses except for the inbreds 
in Experiment 3 and the three-way cross, P x8193, in Experiment 5) were 
selected primarily for their response to high population levels and on the 
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availability of seed with normal and Texas (N and T) cytoplasmic male-
sterile cytoplasms. Kern's (1968) data indicated that inbreds C103, B37, 
and A619 were intolerant and A632, 0h43, and, to a lesser extent, Wf9 were 
tolerant to high populations. Data by Lang et al. (1956) places Wf9 with 
the population intolerant inbreds. Schwanke (1965) previously classified 
the variety B14 x 577 as population tolerant and 071 x 705 as a population-
intolerant variety. Many workers have noted the population-intolerance of 
Wf9 X C103 (Lang et al., 1956; Woolley et al., 1962; Earley et al., 1966, 
1967). Some earlier work by Anderson (unpublished data. Agronomy Depart­
ment, Iowa State University) indicated that Oh43 x B37 and SX 29 were popu­
lation tolerant single-crosses and that C103 x B37 was a population-intoler­
ant single-cross. Troyer (private communication. Pioneer Hi-Bred Corn Com­
pany, Mankato, Minnesota) described P 60715 as a full prolific, P 60703 as 
a semi-prolific, P3373 as an intolerant single-eared single cross, P 3567 
as a tolerant single-eared single cross, and P x8193 as a three-quarter 
prolific three-way cross. The varieties PX 610, XL-45, SX 29, P 3306, and 
UH 138 were commercial varieties selected as population tolerant hybrids 
from the 1966 Iowa Corn Yield Test. The remainder of the varieties were 
unclassified as to their population tolerance. 
Seed was obtained from various sources (Table 1) and represents rather 
diverse varieties. Fertile version of each variety was of normal, non-
restorer cytoplasm. Male-sterile versions were of the Texas male-sterile 
cytoplasm (Tcms) with homozygous recessive gene at the Rf allele. A mix­
ture of fertile and sterile cytoplasms of the variety was supplied in the 
border rows of each experimental plot containing the T cytoplasm as a 
treatment, to assure adequate pollen for pollination. 
Table 1. Populations, genotypes, plot sizes, and planting dates for Experiments 1-5 
Experiment Number 
Year 
Location 
1968 
Beach 
Avenue 
1969 
Agronomy 
Farm 
1969 
Agronomy 
Farm 
1969 
Agronomy 
Farm 
1969 
Agronomy 
Farm 
Population 
Low 
High 
Genotype 
9,900 
98,800 
B14 X 577^ 
F 3510 , 
336 X 025, 
336 X 029: 
071 X 705 
P 3306^ 
12,400 
98,800 
B14 X 577 
P 3510 
x4905A 
336 X 029 
071 X 705 
P 3306 
12,400 
98,800 
A 632^ 
A 619^ 
Oh43^ 
B37C 
Wf9^ 
12,400 
98,800 
A619 X A632C 
Oh43 X A632C 
B37 X A632f 
Wf9 X A632C 
A632 X Cl03j 
Oh43 X A619^ 
Plant population in plants per hectare. 
^Seed source Pioneer Hi-Bred Corn Co., Johnston, Iowa. 
^Seed source Clyde Black and Sons Seed Co., Ames, Iowa. 
^Seed source W. A. Renk and Sons, Sun Prairie, Wisconsin. 
= 50% fertile and 50% male sterile, f = 100% fertile. 
^Seed source Dr. W. A. Russell, Iowa State University, Ames, Iowa. 
®Seed source Pioneer Hi-Bred Corn Co., Mankato, Minnesota. 
12,400 
98,800 
NRl m^® 
NRl f^® 
P 60715® 
P 60703% 
P 3773G 
P 3567® 
Table 1. (Continued) 
Experiment Number 
1 2 3 4 5 
SX 29^ 
A632 X A619^ 
WF9 X G103^ 
Oh43 X B37^ 
XL-45J 
PX 610^ 
UH 138^ 
SX 29 
XL-45 
B37 X A6I9C 
Wf9 X A6I9C 
A619 X C103^ 
0h43 X B37^ 
Oh43 X Wfgf 
C103 X Oh43^ 
Wf9 X B37^ 
C103 X B37^ 
C103 X Wf9^ 
P X8I938 . 
Q66 X Q67I 
Q31 X Q32^ 
Q97 X Q98^ 
Plot size 
Length (meters) 
Width (rows) 
Low pop. 
High pop. 
7.3 
2-152 cm 
6-51 cm 
10.1 
3-102 cm 
6-51 cm 
10.1 
3-102 cm 
6-51 cm 
10.1 
3-102 cm 
6-51 cm 
10.1 
3-102 cm 
6-51 cm 
Planting date April 27 
June 4 
May 16 May 16 May 16 May 20 
^Seed source Pfister Associated Growers, Aurora, Illinois. 
^Seed source Dr. A. R. Hallauer, lowa State University, Ames, lowa. 
^Seed source DeKalb Hy Bred Seed Corn Co., Dayton, Iowa. 
Seed source Northrup King, Minneapolis, Minnesota. 
^Seed source Asgrow Seed Co. (United Hagie), Ames, Iowa. 
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Test procedure 
Dates of planting, population levels, genotypes, and the fertile-
sterile cytoplasm comparison were the experimental treatments for this 
study. The populations, genotypes, plot size, and planting dates used for 
each environment (year and location) are given in Table 1. 
Seedbeds were prepared by normal cultural practices common to central 
Iowa. All plots were planted with an Allis Chalmers Model 600 minimum 
tillage planter modified for planting experimental plots. The seeds were 
drilled at 20 to 80% over the desired stand level, and plots were thinned 
to the desired plant density when plants were approximately 20 to 50 centi­
meters (cm) high. Interplant spacings were kept as uniform as possible. 
The high plant density (98,800 plants per hectare) tended to loose harvest-
able population, presumably, due to interplant competition. Harvest popu­
lation was determined a few days before or on the day of harvest in 1969. 
Two populations were included in each experiment. The low population 
(9,900 and 12,400 plants per hectare in 1968 and 1969, respectively) was 
included primarily to obtain measurements to be used in prediction equa­
tions, whereas the high population (98,800 plants per hectare) was to be 
used for measurements of yield and barrenness for the prediction equations 
and for measurements to be used to study some of the characteristics asso­
ciated with barrenness. 
Weed control was achieved by use of herbicides, cultivation, and hand 
weeding. Ramrod was applied broadcast at 7.8 kg/ha (formulated) immedi­
ately after planting the first date of Experiment 1, four days after plant­
ing Experiments 2-4, and one day before planting Experiment 5. After 
planting the second date of Experiment 1, 3.4 kg/ha of atrazine (formulated) 
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and 5.9 kg/ha of Ramrod was applied. Shallow cultivation was deemed neces­
sary and was performed on all experiments. Some hand weeding was necessary 
on the low population plots. Experiments 2-5 were sprayed with the insec­
ticide, Sevin, during the early stages of silking to reduce silk feeding by 
corn rootworm beetles. 
Measurements 
One of the aims of the study was to identify plant characters useful 
to the plant breeder interested in breeding corn for low barrenness and 
high yields under stress conditions. Since the breeder has to handle large 
populations, any character associated with his aims must be recorded 
quickly. On the other hand, one of the aims was to study some of the char­
acters associated with barrenness or which might reveal some processes 
leading to barrenness. Appendix Tables 103, 105, 107, 109, and 111 con­
tain the measurements recorded and calculated for the five experiments. 
Flowering measurements and mid-season sampling procedures 
The rows in each plot were numbered from west to east for the purpose 
of describing sampling procedures. In the low population of Experiment 1, 
pollen shedding (PS) and silking (S) data were obtained from ten of the 12 
plants in row two. The harvesting of the entire above ground portion of 
the plant at the time 50% of the plants were shedding pollen was accom­
plished by cutting off six "representative" plants (plants which were just 
beginning to shed pollen) in row one. The center ten plants of row two 
were used for final harvest. 
Anthesis and silking data for the high population of Experiment 1 were 
taken from 20 consecutive plants, tagged prior to tassel emergence, in row 
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three. The sampling data taken at anthesis were obtained from the "repre­
sentative" plants in row two. Plants from rows four and five were used for 
final harvest. 
In Experiments 2-5, where sampling was done, the procedure was identi­
cal for all four experiments. In the low population plots, tassel emer­
gence (TE), PS, and S data were obtained from 15 consecutive plants, start­
ing at the south end of row three. The mid-season harvesting for tassel 
and ear shoot data at 50% TE (Sampling Date 1, SDl) and 50% anthesis (Sam­
pling Date 2, SD2) was performed on six "representative" plants. SD2 data 
was not taken on Experiment 5. Final harvest involved 15 consecutive 
plants, starting at the south end of row three. 
The TE, PS, and S data for the high population were taken from 20 con­
secutive plants tagged prior to TE in row three. Data from six "represen­
tative plants from row two were used for SDl, 2, 3 (Sampling Date 3, SD3, 
was seven days after 50% PS). SD3 harvest was made only from the high pop­
ulation of Experiment 2. Experiment 5 was only subjected to SD2 harvesting. 
Rows four and five were utilized for final harvest, after 76 cm were 
removed from each end as border. 
Dates of TE (Experiments 2-5) and dates of PS and S (Experiments 1-5) 
were determined by daily or bi-daily recording the number of plants with 
tassels emerged (defined as the stage at which the tassels were visible 
from the side of the whorl) and plants at the stage of incipient anthesis 
and silking, respectively. The number of plants in each stage of develop­
ment were then plotted against days from planting, and 50% IE dates were 
determined to the nearest 0.5 day and 25, 50, and 75% S and 50% PS dates 
were determined to the nearest 0.1 day for Experiments 2-5 and to the near­
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est 0.5 day for Experiment 1. The PS and S rates were calculated as the 
slope of the tangent of the curve at 50% PS or S (Experiment 1). The silk­
ing intervals were calculated as the difference in days between 25 and 75% 
or 50-75% S (Experiment 2-5). 
Mid-season ear and silk measurements 
Silk lengths were determined by removing the ear shoot from the stalk 
and stripping away all the prophyll or husks, while maintaining the silks 
intact. Silk length was defined as the distance from the base of the ear 
shoot to the greatest extension of the majority of the silks. If the indi­
vidual silk lengths were less than approximately 2 cm, the silks were 
removed and the average length of several silks was used. After the silk 
lengths were determined, the silks were removed and the distance from the 
base to the tip of the ear shoot was measured for ear length. The ears 
from each plot were then placed in a paper bag to be dried. 
Tassel measurements 
The tassels were severed from the plants at the top of the flag-leaf 
sheath and their volume (Experiment 1) and D.W.s determined. The volumes 
were measured by inserting the tassels in a graduated cylinder containing a 
0.3% solution of Tween "20" and measuring the displacement of the liquid. 
The D.W.s of all plant parts reported in this study were determined 
after they were dried to constant weight at 71°C. in a forced air drier. 
In Experiment 1, the corn stover was passed through a field chopper before 
drying-
Leaf area (LA) estimates were made on four average plants for three 
replications of Experiment 2, for two replications of Experiment 4, and 
only for the fertile hybrids of Experiment 3. LA was estimated by multi­
plying the product of the length and width measurements of each leaf by 
0.75 and accumulating for an individual plant similar to the method of 
Montgomery (1911) and McKee (1964). Leaf area measurements were taken two. 
to four weeks after the 50% PS date; therefore, leaf area among hybrids at 
the high population should be viewed with caution since the number of lower 
leaves senesing varied with the hybrid. 
Plant and ear heights 
Plant height and ear height were measured at the same time as leaf 
area. Measurements were taken on six plants per plot. These measurements 
were made on only three replications of Experiment 2 and were not made on 
Experiment 1. Plant height was defined as the distance from the soil 
surface to the collar of the flag-leaf. Ear height was defined as the 
distance from the soil surface to the node to which the shank of the ear 
was attached. These measurements were taken for three replications for 
Experiments 2-4 and for four replications for Experiment 5. 
Final harvest measurements 
Dates for final harvest were October 8-20, November 1-15, and Octo­
ber 20-November 10 for first date of planting of Experiment 1, second date 
of planting of Experiment 1 and Experiments 2-5, respectively. All plots 
were hand harvested. Ten and 15 plants were harvested from the low popula­
tion plots of Experiments 1 and 2-5, respectively, as described previously. 
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Two entire rows 5.5 and 8.5 meters long for Experiments 1 and 2-5, respec­
tively, were harvested from the high pooulation plots. 
Stand counts, number of tillers, and number of first (top) and second 
ears (any ears on the stalk below the top one) on the main stalk were deter­
mined for all experiments at the final harvest. First and second ears were 
kept separate for D.W. determinations. Ears were defined as cobs without 
least 25% of its surface covered with grain. The number of first and sec­
ond ears on the tillers were determined for Experiment 1. Lodging notes 
were taken just prior to harvest for Experiments 2-5 as a visual rating of 
the percentage of the plants broken or lodged. An extremely severe wind 
storm, accompanied by hail, occurred on September 6, 1969, and caused 
extensive lodging, stalk breakage, and loss of leaf area. Lodging was not 
a serious problem prior to the storm. 
Barrenness, lodging, and stand count were only determined for the high 
population, except for barrenness in Experiment 3. Measurements related to 
tillers or second ears were taken only at the low plant density-
Plot samples were dried to a constant weight at 71°C., weighed, and 
grain yield computed by assuming 80% of the ear weight was grain. In addi­
tion, shelling percentages were determined for Experiments 2, 4, and 5. 
Grain yields are reported as kg/ha of number two shelled corn at 15.5% mois­
ture. 
Ear weights were calculated by dividing the total plot sample D.W. by 
the number of ears in the sample. One hundred kernels were mechanically 
counted and weighed for kernel weight and expressed in grams per 100 seed 
on a D.W. basis. Grain D.W. per unit leaf area was expressed in grams per 
2 
decimeter squared (grams/dm ) of leaf area. 
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Barren stalks were defined as those harvested plants that did not pro­
duce an ear. Since high plant populations tended to loose harvest popula­
tion, as stated previously, this percent barrenness value is a conservative 
estimate of the number of barren plants. 
Statistical Techniques 
Design 
A split-split randomized complete-block design was utilized in Experi­
ment 1, 1968. The two dates of planting made up the main plots with the 
two populations constituting the subplots. Genotypes and types of cytoplasm 
were randomized within the subplots. The design used in Experiments 2-5, 
1969, was a split randomized complete block with population as the whole 
plot. Genotypes and types of cytoplasm constituted the subplots in Experi­
ments 2 and 3 and were randomized within a population. Genotypes consti­
tuted the subplots in Experiments 4 and 5, and they were randomized within 
a population. Number of replications for each experiment were two, four, 
three, three, and four for Experiments 1-5, respectively. 
Statistical analysis varied with the design employed. Standard analy­
sis of variance, as presented by Steel and Torrie (1960), for the designs 
used (illustrated in Table 2) was performed on all variables in each experi­
ment. The comparisons in the early split(s) have few degrees of freedom 
associated with their error term and, hence, do not have great precision. 
The final split comparisons have many degrees of freedom associated with 
their error term and, hence, the F tests are able to distinguish smaller 
differences. 
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Table 2. Source of variation and the degrees freedom for Experiments 1-5 
Expt. 1 Expt. 2 Expt. 3 Expt. 4 Expt. 5 
Source d.f. Source d.f. d.f. d.f. d.f. 
Blocks (B) 1 Blocks (B) 3 2 2 3 
Dates (D) 1 Populations (P) 1 1 1 1 
Error (a) 1 Error (a) 3 2 2 3 
Populations (P) 1 Cytoplasms (C) 1 1 — — — — 
D X P 1 Genotype (G) 7 4 14 9 
Error (b) 2 C X G 7 4 - -
P X C 1 1 -- - -
Cytoplasms (C) 1 P X G 7 4 14 9 
Genotypes (G) 12 P X C X G 7 4 --
C X G 12 Error (b) 90 36 56 54 
D X C 1 
D X G 12 
D X C X G 12 
P X C 1 
P X G 12 
P X C X G 12 
D X P X C 1 
D X P X G 12 
D X P X C X G 12 
Error (c) 100 
Duncan's new multiple-range test presented by Duncan (1955) was uti­
lized to establish difference levels between the N and T cytoplasms within 
a population and between hybrids within a cytoplasm within a population. 
All subsequent tables which have a least significant range-(LSR) have the 
LSRs to be significantly different at the 5% level of probability. LSR 
values were not computed for comparisons across populations because the 
differences between populations were very large for most all characters 
measured. No test was applied, but it appeared that there was heterogene­
ity of variance between the low and high population. Therefore, the LSR 
values presented are probably inflated for the low population and deflated 
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for the high population. Nevertheless, they may serve as general guide­
lines . 
Regression and correlation 
Genotype means of all characters were used in all correlation and 
regression work. Correlations and regressions between characters were made 
within a cytoplasm type. 
Multiple regression models were fitted using grain yield or barrenness 
as the dependent variable. The aim was to examine the effectiveness of 
characters measured at the low plant density in predicting the dependent 
variable and to estimate the relative importance of the characters in the 
different models. At first, some form of reduction of variables in multi­
ple regression analyses, such as sequential fitting, was contemplated to 
obtain optimum regression models. One of the main reasons that precluded 
such an approach was that to be of practical use to the breeder, the vari­
ables would have to be able to be measured quickly. Also, it was hoped 
that useful regression equations could be obtained that would have most if 
not all of the same variables for all experiments. This would be very 
unlikely if the optimum regression model was obtained for each experiment. 
Since genotype means were used in the multiple regression equations, 
the error term in the regression analysis of variance for each model was 
really the term due to lack of fit of the model. Since this was not an 
appropriate test for the regression using genotype means, the F test to 
calculate significance of the regression model consisted of the weighted 
regression mean squares and the error mean squares obtained for the main 
analysis of variance of the dependent variable for that particular model. 
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The weighted regression mean squares were obtained by multiplying the regres­
sion mean squares by the number of observations that made up each genotype 
mean. This was necessary to make the regression and the error mean squares 
comparable in degrees of freedom. 
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EXPERIMENTAL RESULTS 
Experiment 1, 1968 
Thirteen single-cross hybrids, varying in their tolerance to high 
plant populations, and their male-sterile counterparts were planted on two 
dates at two populations in 1968. The growing conditions were considered 
favorable in 1968. Mean monthly temperatures were average except during 
July when temperatures were two to three degrees below normal. A slight 
moisture stress could have occurred during the pollination-fertilization 
periods. Daily temperature and precipitation values for the 1968 growing 
season are presented in Appendix Table 101. Appendix Tables 103 and 104 
contain the averages of the plant characters and responses measured and the 
resulting analyses of variance (ANOVs), respectively. The effect of hybrids 
was highly significant for every plant character measured in this experi­
ment, except dry weight per tiller which was nonsignificant. Since inter­
actions containing hybrids were of much greater interest than the main 
effects of hybrids, very little will be said about the main effect of 
hybrids, especially when it is across populations. 
Grain yield 
The effect of dates of planting on grain yield was not statistically 
different at the 5% probability level, but the degrees of freedom for the 
test were minimal (1, 1). Grain yield was depressed 1014 kilograms per hec­
tare (kg/ha) or 16% with delayed planting at the high population, although 
the depression was very slight at the low population. Population was sig­
nificant at the 5% level, with the high population outyielding the low pop­
ulation by 52% (5943 vs 3896 kg/ha) when the grain from the tillers was 
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included and 96% (5943 vs 3030 kg/ha) when only the grain from the main 
stalk were considered (Table 3). The dates of planting x populations inter­
action (D X P) on grain yield was not significant, although the yield 
depression appeared to be much greater for the high population as planting 
was delayed. 
In this study, the primary interest was in the effects of the fertile 
hybrids and type of cytoplasm, and cytoplasms x hybrids (C x H), popula-
Table 3. Grain yield (kg/ha) of main stalk for 13 hybrids as affected by 
populations and male sterility in Experiment 1 
Grain yield in kilograms per hectare 
Low population High population 
Hybrid Fertile"*" Sterile"*" Mean Fertile Sterile"*" Mean 
B14 x 577 2894a^ 3137ab^ 3015 5275bc^ 6855bcd^ 6065 
P 3510 3094a 3094ab 3094 5597bc 6956bcd 6276 
336 X 025 2276a 2564ab 2420 663lab 6147cde 6387 
336 X 029 2661a 2696ab 2679 6650ab 7862ab 7256 
071 X 705 3219a 3016ab 3118 155 2e 2292g 1922 
P 3306 3681a 3948a 3814 6482ab 6659bcd 6570 
SX 29 3264a 3570ab 3417 6081abc 5207ef 5644 
A632 X A619 3011a 3148ab 3080 7444a 8408a 7926 
Wf9 X C103 2643a 2727ab 2685 2965d 4392f 3678 
Oh43 X B37 3139a 3178ab 3158 5003c 7381abc 6192 
XL-45 2260a 2393b 2326 5725bc 5913de 5819 
PX 610 3272a 3600ab 3436 6374abc 7569abc 6971 
UH 138 2946a 3364ab 3155 6203abc 6891bcd 6547 
Mean 2951^ 3110^ 3030 5537^ 6348^ 5943 
Values within a cytoplasm not followed by the same letter are signifi­
cantly different. 
^SR = 1200 for fertile-sterile (F-S) comparison of each hybrid within 
a population. 
3 
LSR = 333 for fertile-sterile (F-S) comparison of cytoplasm means 
within a population. 
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tions X hybrids (P x H), and populations x cytoplasms x hybrids (P x C x H) 
interactions. The effects of populations, cytoplasms, and hybrids on main 
stalk grain yield can be seen in Table 3. The effect of hybrids was much 
greater at the high population, resulting in a highly significant P x H 
interaction- Similar results were obtained from the cytoplasmic effects. 
The yields ranged from 2260 kg/ha for XL-45 to 3681 kg/ha for P 3306 at the 
low population for the fertile hybrids and 2393 to 3948 kg/ha for the ster-
iles of the same hybrids. The male-sterile versions resulted in larger 
yields at the low population for all hybrids except P 3510 and 071 x 705 
which were unchanged and decreased, respectively. These yield changes were 
usually not large. The yields at the high population ranged from 1552 to 
7444 kg/ha for the fertiles and from 2292 to 8408 kg/ha for the steriles. 
A632 X A619 and 336 x 029 were the highest and Wf9 x C103 and 071 x 705 the 
two lowest yielding hybrids for both types of cytoplasm. The remaining 
nine hybrids, with the exception of UH 138, changed positions in the rank­
ing of highest to lowest yield when the sterile versions were compared to 
the fertiles. Eleven of the 13 hybrids showed an increase in yield at the 
high population when the male-sterile version was introduced. The two 
exceptions were 336 x 025 and SX 29. 
Barrenness 
One of the main components of grain yield is the number of ears per 
plant. Most of the popular hybrids grown at normal populations produce a 
maximum of one ear per plant, therefore, percent barrenness can describe 
this yield component. Table 4 contains barrenness values as affected by 
planting dates, male sterility, and hybrids at the high population. The 
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Table 4. Percent barrenness at high population as affected by dates of 
planting, cytoplasms, and hybrids in Experiment 1 
Planting date 2/1 Cytoplasm 
Hybrid 1 2 (%) Mean Fertile^ Sterile^ F-S 
B14 X 577 27 .7 26 .0 94 26, .9 36, .8cd^ 16 .9def^ 19, .9 
P 3510 25 .3 47 .8 189 36, .6 48, •Obc 25, .2cdef 22, .8 
336 X 025 13, .6 11, .7 86 12, .7 12, Je 12, .7ef 0, .0 
336 X 029 15, .8 15, .7 99 15, .8 22 • 7de 8, .8f 13, .9 
071 X 705 78, 7 66, .6 85 72, .7 80, .7a 64, .7a 16, .0 
P 3306 21, .6 53, .8 249 37, .7 48, .6bc 26, .8cdef 21, .8 
SX 29 18, .3 40. 7 222 29, .5 25, .Ide 33. ,8bcd "8, .7 
A632 X A619 13. ,0 18. ,1 139 15. ,5 22. ,3de 8. 7f 13, .6 
Wf9 X C103 50. ,8 64. ,0 126 57. ,4 64. ,2ab 50. 5ab 13, .7 
0h43 X B37 19. ,1 36. ,4 191 27, 8 34, 7cd 20, ,8def 13. ,9 
XL-45 34. ,1 44. 0 129 39, ,0 34, 6cd 43, ,5bc -8. .9 
PX 610 21. 9 21. ,1 96 21. ,5 28. , Ide 14. , 9def 13. ,2 
UH 138 21. 6 38. ,0 176 29. 8 29. 9cde 29. .7cde -0, .2 
Mean 27. 8 37. 2 134 32. ,5 37. 6 27. 5 10. .1 
^Values within a cytoplasm not followed by the same letter are signif­
icantly different. 
2 
LSR = 16.3 for F-S comparison of each hybrid. 
effect of dates of planting on percent barrenness was not statistically 
significant because of the low efficiency of the test. The percent barren­
ness was 27.8 for the April 27 planting and 37.2 for the June 4 planting. 
The effect of cytoplasms on barrenness was highly significant with the fer­
tile averaging 37.6% and the sterile averaging 27.5% barrenness. There was 
a highly significant dates of planting x cytoplasms (D x C) interaction due 
to the large response to male sterility at the later date of planting (Table 
5). There were only 3% more plants producing ears for the steriles com­
pared to the fertiles at the earlier date of planting but 17% more at the 
later date of planting. ' Dates of planting x hybrids (D x H) interaction 
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Table 5. Percent barrenness at high population as affected by planting 
dates, cytoplasms, and hybrids in Experiment 1 
Hybrid 
Date 1 Date 2 
Fertile Sterile Mean Fertile Sterile Mean 
B14 X 577 31.7 23.7 27.7 41.8 10.2 26.0 
P 3510 30.9 19.8 25.4 65.0 30.6 47.8 
336 X 025 16.2 11.1 13.6 9.2 14.3 11.7 
336 X 029 22.5 9.2 15.8 23.0 8.4 15.7 
071 X 705 81.6 75.9 78.7 79.7 53.5 66.6 
P 3306 24.3 18.8 21.6 72.9 34.8 53.8 
SX 29 15.2 21.5 18.3 35.1 46.2 40.7 
A632 X A619 20.2 5.8 13.0 24.4 11.7 18.1 
Wf9 X C103 47.0 54.5 50.8 81.5 46.4 64.0 
0h43 X B37 24.1 14.1 19.1 45.3 27.6 36.4 
XL-45 32.7 35.4 34.1 36.4 51.6 44.0 
PX 610 22.3 21.4 21.9 34.0 8.2 21.1 
UH 138 12.4 30.7 21.6 47.4 28.6 38.0 
Mean 29.3 26.3 27.8 45.8 28.6 37.2 
was significant at the 5% level. Eight of the hybrids had lower barrenness 
values, three hybrids were essentially unchanged, and two hybrids (336 x 
025 and 071 x 705) had higher barrenness values at the earlier planting 
date. The two reversals appeared unrelated to absolute barrenness values, 
since 336 x 025 had 13.67» and 071 x 705 had 78.7% barrenness at the earlier 
date. 
The fertile hybrids showed a large range in barrenness (Table 4). The 
two widely known intolerant hybrids 071 x 705 and Wf9 x C103 had 80.7 and 
64.2% barrenness, respectively, followed by the two commercial Pioneer 
hybrids with about 48%. The next eight hybrids had barrenness values rang­
ing from 36.8% for B14 x 577 to 22.3% for A632 x A619; these two values 
were not significantly different. The hybrid 336 x 025 had the least bar­
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renness with a value of 12.7%. The C x H interaction was not significant 
at the 5% level, but the cytoplasm response varied from 22.8% for P 3510 to 
-8.9% for XL-45. There were only two hybrids in which the sterile version 
gave appreciably greater barrenness than the fertile (SX 29 and XL-45) and 
UH 138 and 336 x 025 were unchanged. In general, it appears that those 
fertile hybrids which had the largest percent barrenness gave the largest 
and most consistent positive response to male-sterile cytoplasm. The cor­
relation coefficient (-0.89) between yield and barrenness at the high pop­
ulation was highly significant. 
Ear dry weight 
Ear weight was the other yield component measured in this experiment. 
The ear dry weights (D.W.s) as affected by populations, cytoplasms, and 
hybrids, are presented in Table 6. The ear dry weights for the high popu­
lation were about one-third as large as that for the low population with the 
hybrid ranges being 188 to 310 g and 58 to 99 g, respectively, for the low 
and high populations. These differences for populations were highly sig­
nificant. The effect of cytoplasms on ear D.W. was not significant at the 
5% level, but it can be seen from Table 6 that there were some relatively 
large responses to male-sterile cytoplasm. These responses were both nega­
tive and positive, resulting in a C x H interaction which just missed being 
significant at the 5% level of probability. The cytoplasmic responses 
apparently had little relationship to the size of the ear for the fertile 
hybrid. 
Although A632 x A619 produced the heaviest ear and Wf9 x C103 the 
third from the smallest ear at high population, these two hybrids produced 
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Table 6. Ear dry weight at maturity as affected by populations, type of 
cytoplasm, and hybrids in Experiment 1 
Low population 
Hybrid Fertile^ Sterile^ S-F Fertile^ Sterile^ S-F 
B14 X 577 240bcd^ 235de^ -5 
2 
. 78a 
2 
98a 20 
P 3510 289a 301ab 12 88a 96a 8 
336 X 025 193e 2I6e 23 86a 78ab -8 
336 X 029 204de 182f -22 92a 92ab 0 
071 X 705 243bc 324a 81 61a 54b -7 
P 3306 262ab 261bcd -1 95a 83ab -12 
SX 29 283a 260cd -23 85a 66ab -19 
A632 X A619 2L3cde 229de 16 100a 95a -05 
Wf9 X C103 297a 282bc -15 75a 87ab 12 
0h43 X B37 243bc 25 2d 9 73a 93ab 20 
XL-45 243bc 236de -7 79a 88ab 9 
PX 610 214cde 234de 20 92a 95a 3 
UH 138 278ab 240de -38 87a 83ab -4 
Mean 246^ 
3 
250 4 00
 w
 
00
 
Ln
 CO
 
1 
^Values within a cytoplasm not followed by the same letter are signif­
icantly different. 
^SR = 33 for F-S comparison of each hybrid within a population. 
3 
LSR = 9 for F-S comparison of cytoplasm means within a population. 
ears with D.W.s ranking almost exactly the opposite of this at low popula­
tion. Reversals such as this produced a highly significant P x H interac­
tion. In general, those hybrids which were intolerant to high population 
produced the largest ears at low population and the smallest ears at high 
population, whereas those hybrids which were highly tolerant to high popu­
lation changed in the opposite way. The correlation values in Tables 26 
and 27 show that D.W. of the first ear was highly related to grain yield and 
barrenness in a negative and positive manner, respectively, for the low 
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population and related positively to grain yield and negatively to barren­
ness at the high population. 
The male-sterile factor gave a positive response in 11, 6 and 9 
of 13 hybrids for grain yield, ear D.W., and percent barrenness, respec­
tively. The five hybrids which gave a positive cytoplasmic response for 
all three variables ranked two, four, five, six, and nine in percentage 
barrenness (most to least), and only one of the 11 hybrids which gave a 
yield response did so from an ear D.W. response alone. This illustrates 
the value of decreased barrenness at this high population. 
Flowering 
Since barren stalks usually either do not display silks or show a 
delay in silking, the number of days from planting to silking and the silk­
ing rate were determined and are presented in Tables 7 and 9. It is common 
knowledge that delayed planting, within limits, increases the rate of 
development of a corn plant, so it was not surprising that the dates of 
planting effect on days to silking was highly significant, with the inter­
val from planting to silking being about 21 days shorter for the later 
planting. The silking values for each planting date are given in Table 8. 
Shaw and Thorn (1951b) have observed that the period from emergence to silk­
ing is rather variable among hybrids, whereas the period from silking to 
maturity is fairly similar for most hybrids. Therefore, days from planting 
to silking at low population could serve as an index of relative maturity, 
when the planting date is the same. 
All hybrids silked later at the high population than at the low popu­
lation with an average difference of 4.0 days. This difference was highly 
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Table 7. Days to 50% silking as affected by populations, male sterility, 
and hybrids when averaged across two dates of planting in Experi­
ment 1 
Low population High population 
Hybrid Fertile^ Sterile^ F-S Mean Fertile^Sterile^F-S Mean 
B14 X 577 71 .Oc^ 72 
2 
.Oab -1, .0 71. 5 77, ,ld^ 74, 
2 
9cd 2 .2 76. 0 
P 3510 72, 5bc 71. ,3b 1. 2 71. 9 79. ,6bc 73, .8de 5 .8 76 .7 
336 X 025 68. ,Ide 68. ,Ocd 0. 1 68, .1 70. 8fg 70, 6g 0. 2 70. 7 
336 X 029 66. ,6ef 66. > 8cd -0. 2 66, .7 69. Igh 68. 5h 0. 6 68. 8 
071 X 705 75. la 74, .Oa 1. 1 74, .6 81. 4ab 79, 4a 2. ,0 80. 4 
P 3306 73. ,5ab 73, .3a 0, 2 73, .4 78. 8cd 77, 5ab 1. 3 78. 1 
SX 29 73. ,9ab 73, ,5a 0. 4 73. 7 78. 9cd 76. 8b c 2. 1 77, .8 
A632 X A619 66, ,0f 65, ,8e 0, 2 65. ,9 67. 6h 66, 9h 0, ,7 67, ,3 
Wf9 X C103 72. ,9bc 72, ,0a 0, ,9 72. 4 82. Oa 76. 5b c 5, ,5 79, ,3 
Oh43 X B37 68, ,3de 68, ,3c 0, .0 68. .3 71. 6ef 71. 5fg 0, ,1 71, ,6 
XL-45 65, .9f 66. ,4de -0. 5 66. 1 69. 5g 68, 5h 1. 0 69. 0 
PX 610 68. Ode 68. 3c -0. 3 68. 1 73. 6e 72. 9def 0. 7 73, 3 
UH 138 68. .8d 68. , 8c 0. 0 68. 8 73. Oe 72, lefg 0. 9 72. 6 
Mean 70. 0^ 69. 9^ 0. 1 70. 0 74. 8^ 73, 1^ 1, 7 74. 0 
Values within a cytoplasm not followed by the same letter are signif­
icantly different. 
2 
LSR = 1.7 for F-S comparison of each hybrid within a population. 
3 
LSR = 0.5 for F-S comparison of cytoplasm means within a population. 
significant, as was the effect of cytoplasms on silking date, even though 
there were only 0,9 days difference between the fertile and sterile. 
Hybrids also had a highly significant effect with the range of values being 
from 66.6 days for A632 x A619 to 77.5 days for 071 x 705. These two 
hybrids represent the two extremes of population tolerance and the trend 
for population-intolerant hybrids to silk later (later maturing hybrids) 
than the tolerant hybrids was quite noticeable. The correlation coeffi­
cients were significant or highly significant (Tables 26 and 27). At the 
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Table 8. Days to 50% silking for 13 hybrids at high population as affected 
by date of planting and male-sterility in Experiment 1 
Date 1 Date 2 
Hybrid Fertile Sterile F-S Mean Fertile Sterile Mean 
B14 X 577 88 .5 86 ,5 2. ,0 84. ,8 65 .8 63 .3 2, ,5 62 .8 
P 3510 88. 8 84 .3 4. 5 84. ,6 70, .5 63 .3 7, 2 63, .9 
336 X 025 81, .0 81 ,5 -0. 5 80. ,0 60, .5 59 .8 0. 7 58. 8 
336 X 029 80. 8 79, ,5 1. 3 78. 8 57, .5 57 .5 0. 0 56. 7 
071 X 705 92, .5 91, .0 1. 5 88. 8 70, .3 67 .8 2, 5 66. 1 
P 3306 86. ,5 88. 3 1. 8 85. 3 71. 0 66 .8 4. 2 66. 2 
SX 29 90. ,8 88, ,0 2. 8 86-9 67, .0 65 .5 1. 5 64. 6 
A632 X A619 77. ,8 78. 5 0. 7 77. 8 57. ,5 55 .3 2. 2 55. ,3 
Wf9 X C103 93. ,8 87. 8 6. 0 87. 6 70. 3 65 .3 5. 0 64, .1 
0h43 X B37 81, ,0 81. ,5 -0, 5 79. 9 62. ,3 61 .5 0. 8 59. 9 
XL-45 79. 8 79. ,0 0. 8 78. 3 59. 3 58 .0 1. 3 56. 8 
PX 610 84. 3 84. ,3 0. 0 81. 6 63. 0 61 .5 1. 5 59. 8 
UH 138 83. 3 82. .0 1. 3 80. 9 62, 8 62, .3 0. 5 60. 4 
Mean 85. 3 84. 0 1. 3 82. 7 64. 4 62, .1 2. 3 61. 2 
Table 9. Silking rate (% per day) as affected by dates of planting, popu­
lations, and hybrids in Experiment 1 
Planting date Population 
Hybrid 1 2 1-2 Low High L-H 
B14 X 577 20 26 -6 29 16 13 
P 3510 17 26 -9 27 16 11 
336 X 025 27 24 3 32 18 14 
336 X 029 30 23 7 34 19 15 
071 X 705 20 22 -2 31 11 20 
P 3306 30 25 5 39 15 24 
SX 29 20 26 -6 29 17 12 
A632 X A619 46 19 27 43 22 21 
Wf9 X C103 12 18 -6 21 8 13 
0h43 X B37 24 19 5 28 15 13 
XL-45 35 19 16 37 16 21 
PX 610 21 18 3 26 12 14 
UH 138 24 20 4 31 13 18 
Mean 25 22 3 31 15 16 
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high population, the sterile versions silked earlier than the fertile coun­
terpart for every hybrid and for seven hybrids at the low population, while 
two hybrids were unchanged and four hybrids showed the reverse. All cyto­
plasmic responses were quite small and nonsignificant at the low population, 
but five hybrids showed a significant male-sterile response at the high 
population producing a highly significant populations x cytoplasms (P x C) 
interaction. Four (071 x 705, Wf9 x C103, P 3510 and B14 x 577) of these 
five hybrids ranked among the five hybrids with the largest percent of bar­
renness. The other hybrid, SX 29, seemed to be the one hybrid which did 
not conform to the high barrenness-late silking relationship. 
In addition to silking later, at the high population, all hybrids 
silked slower at this population as can be seen in Table 9. The main 
effect of populations and the D x H interaction were highly significant 
with regard to silking rate. The high-population-silking rate averaged 15% 
per day which is approximately one-half the rate at low population. The 
trend for population-intolerant hybrids to silk slower or over a longer 
time interval than the tolerant hybrids was present at both populations but 
was considerably stronger at the high population (Table 27). The slower 
rate of silking at the later date of planting for those hybrids which were 
population intolerant tends to indicate a greater stress on the plant pro­
cesses with the June 4 planting. 
The anthesis to silking interval was much larger (4.1 days. Table 10) 
for the higher population (significant at the 1% level). This was mainly 
due to the difference in silking date for the two populations, since the 
anthesis date was essentially unchanged by populations. The intervals var­
ied among hybrids from -1.0 day for PX 610 to 7.0 days for Wf9 x C103. 
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Table 10. Anthesis to silking interval (days) as affected by dates of 
planting, populations, and hybrids in Experiment 1 
Hybrid 
Planting date 
2-1 
Population 
H-L Mean 1 2 Low High 
B14 X 577 2.1 1.5 -0.6 -1.0 4.6 5.6 1.8 
P 3510 4.0 5.6 1.6 1.4 8.3 6.9 4.8 
336 X 025 -0.6 0.1 0.7 -1.5 1.0 2.5 -0.3 
336 X 029 0.5 2.4 1.9 0.6 2.3 1.7 1.4 
071 X 705 3.5 4.1 0.6 0.9 6,8 5.9 3.8 
P 3306 1.1 5.1 4.0 1.1 5.1 4.0 3.1 
SX 29 2.0 1.1 -0.9 -0.6 3.8 4.4 1.6 
A632 X A619 0.1 2.6 2.5 0.8 2.0 1.2 1.4 
Wf9 X C103 8.0 6.0 -2.0 2.6 11.4 8.8 7.0 
Oh43 X B37 -1.1 1.4 2.5 -1.1 1.4 2.5 0.1 
XL-45 0.3 2.9 2.6 0.3 2.9 2.6 1.6 
PX 610 -0.5 -1.5 -1.0 -3.3 1.3 4.6 -1.0 
UH 138 1.1 2.4 1.3 0.3 3.3 3.6 1.8 
Mean 1.6 2.6 1.0 0.0 4.1 4.1 2.1 
Hybrids interacted with dates of planting and populations at the 1% level 
(Table 10). The interval was larger for the June 4 planting date for 9 
of 13 hybrids. The four exceptions were Wf9 x C103, PX 610, SX 29, and 
B14 X 577 with 2.0, 1.0, 0.9, and 0.6 days shorter interval, respectively, 
at the later planting date. The intervals ranged from -1.1 days for 
0h43 X B37 to 8.0 days for Wf9 x C103 at the April 27 planting to -1.5 days 
for PX 610 to 6.0 days for Wf9 x C103 at the June 4 planting. The hybrids 
tended to keep approximately the same ranking among the 13 hybrids, but the 
relative response varied considerably (Table 10). No apparent relation was 
found between the relative amount of change for each hybrid and its percent 
of barrenness. The anthesis to silking interval was increased at least 1.2 
days for every hybrid as the population was increased. However, there were 
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large differences in response among hybrids. The range of the increase was 
from 1.2 days for A632 x A619 to 8.8 days for Wf9 x C103. Such a range 
made the P x H interaction highly significant. There appeared to be a 
trend for the hybrids with the largest interval at low population to give 
the greatest increase in interval size as population was increased. It was 
observed that the hybrids with the largest intervals (within or across pop­
ulations) tended to be more barren (Table 27). 
Days from planting to anthesis was greatly reduced (22.5 days) by 
delaying planting from April 24 to June 4 (38 days). This effect was 
highly significant. In contrast to the effect of population on silking, 
anthesis date was essentially the same for both populations. The range for 
the 13 hybrids was from 65.4 days for A632 x A619 to 74.8 days for SX 29. 
Even though all of the hybrids ranked the same for the April planting as 
across dates of planting and 9 of the 13 hybrids ranked the same for 
both dates and the other four hybrids changed only one position, there was 
a highly significant D x H interaction (Table 11). The differences ranged 
from 20.9 days for PX 610 to 24.9 days for 336 x 029 and 071 x 705. Days 
to anthesis was not significantly correlated to barrenness or grain yield 
(Tables 26 and 27). 
Plant dry weight 
The size of a plant may be reasonably expected to influence its capac­
ity for grain production. Therefore, total D.W. per plant was measured at 
approximately the beginning of grain production (mid-anthesis). These val­
ues for both populations are presented in Table 12. It was not surprising 
that with the extreme populations used, plant D.W. would be drastically 
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Table 11. Effect of dates of planting and hybrids on the number of days to 
mid-anthesis in Experiment I 
Planting date 
Hybrid 1 2 1-2 Mean 
B14 X 577 83.0 61.5 21.5 72.3 
P 3510 82.1 60.4 21.7 71.3 
336 X 025 80.4 59.0 21.4 69.7 
336 X 029 78.9 54.0 24.9 66.4 
071 X 705 86.0 62.9 24.9 74.4 
P 3306 83.8 62.3 21.5 73.0 
SX 29 86.0 63.6 22.4 74.8 
A632 X A619 77.6 53.3 24.3 65.4 
Wf9 X C103 81.5 59.4 22.1 70.4 
Oh43 X B37 80.9 58.8 22.1 69.8 
XL-45 78.1 54.1 24.0 66.1 
PX 610 82.3 61.4 20.9 71.8 
UH 138 80.0 58.3 21.7 69.1 
Mean 81.6 59.1 22.5 70.4 
Table 12. Total dry weight (g) per plant at mid-anthesis as affected by 
populations and hybrids in Experiment 1 
Population H/L 
Hybrid Low High (%) Mean 
B14 X 577 208 97 46.6 153 
P 3510 195 87 44.6 141 
336 X 025 201 79 39.3 140 
336 X 029 182 76 41.8 129 
071 X 705 233 100 42.9 167 
P 3306 221 95 43.0 158 
SX 29 226 104 46.0 165 
A632 X A619 180 87 48.3 133 
Wf9 X C103 211 90 42.7 150 
Oh43 X B37 188 89 47.3 138 
XL-45 177 82 46.3 130 
PX 610 226 93 41.2 160 
UH 138 230 96 41.7 163 
Mean 206 90 43-7 148 
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reduced (54%) by the high population due to interplant competition. Due to 
the diversity of genotypes, it also was expected that there would be a 
large difference among hybrids. Although there were exceptions, the trend 
was for the later maturing hybrids to be larger plants. Correlation values 
between silking date and plant D.W. were 0.68 and 0.57 for fertile and 
sterile hybrids, respectively, at the low population. This would be rea­
sonable since they had a longer vegetative period. 
Three interactions (D x H, P x H, and dates of planting x populations x 
hybrids (D x P x H)) were highly significant for total plant D.W. The P x H 
interaction presented in Table 12 shows a range of 9% among hybrids when 
the D.W. at high population is expressed as a percent of that at low popu­
lation. There was no strong relationship between the ratio of D.W.s at the 
two populations and the absolute D.W. at the low population. There was a 
positive correlation between the absolute D.W.s and the population tolerance 
of a hybrid. This correlation was much larger for the fertile hybrids, 
being significant at the low population (Table 26). Although there were 
highly significant D x H and D x P x H interactions, there were no readily 
apparent trends (Table 13). 
Grain-stover ratios 
The grain-stover ratios presented in Tables 14 and 15 are not a measure 
of exactly the same thing as the grain-stover ratios normally found in the 
literature, since the values presented here are grain weight at harvest to 
plant weight at 50% anthesis. The effect of dates of planting was highly 
significant with the earlier date producing the higher grain-stover ratio 
(1.23 vs 1.06), even though the stover D.W.s were the same for both dates. 
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Table 13- Total dry weight (g) per plant at mid-anthesis as affected by 
dates of planting , populations. and hybrids in Experiment 1 
Date 1 Date 2 
Date Population Population 
Hybrid 1 2 Low High Low High 
B14 X 577 163 142 217 106 200 88 
P 3510 141 142 182 83 208 92 
336 X 025 140 139 192 75 210 82 
336 X 029 130 128 193 77 172 75 
071 X 705 175 158 215 105 251 95 
P 3306 158 157 219 96 222 93 
SX 29 157 172 226 110 225 97 
A632 X A619 134 133 194 97 165 77 
Wf9 X C103 161 140 181 98 242 81 
0h43 X B37 135 141 183 89 194 88 
XL-45 127 132 189 85 165 80 
PX 610 156 164 209 87 243 100 
UH 138 163 163 227 102 233 89 
Mean 149 147 202 93 210 87 
Table 14. Grain-stover ratio as affected by populations and hybrids in 
Experiment 1 
Population H/L 
Hybrid Low High (%) Mean 
B14 X 577 1.45 0.65 44.8 1.05 
P 3510 1.69 0.70 41.4 1.20 
336 X 025 1.29 0.89 69.0 1.09 
336 X 029 1.84 0.96 52.2 1.40 
071 X 705 1-39 0.20 14.4 0.80 
P 3306 1.89 0.65 34.4 1.27 
SX 29 1.67 0.56 33.5 1.12 
A632 X A619 1.87 0.95 50.8 1.41 
Wf9 X C103 1.29 0.52 40.3 0.90 
Oh43 X B37 1.76 0.75 42.6 1.25 
XL-45 1.42 0.72 50.7 1.07 
PX 610 1.59 0.78 49.1 1.19 
UH 138 1.52 0.74 48.7 1.13 
Mean 1.59 0.70 44.0 1.15 
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Table 15. Grain-stover ratio as affected by planting dates, populations, 
and hybrids in Experiment 1 
Hybrid 
Date 1 Date 2 
Population H/L 
(%) 
Population H/L 
(%) Low High Low High 
B14 X 577 1.69 0.70 41.4 1.21 0.59 48.8 
P 3510 1.88 0.84 44.7 1.51 0.56 37.1 
336 X 025 1.39 1.00 71.9 1.19 0.77 64.7 
336 X 029 1.48 1.06 71.6 2.19 0.86 39.3 
071 X 705 1.58 0.14 8.9 1.21 0.27 22.3 
P 3306 2.01 0.77 38.3 1.77 0.53 29.9 
SX 29 1.59 0.62 39.0 1.76 0.50 28.4 
A632 X A619 2.00 0.85 42.5 1.75 1.05 60.0 
Wf9 X C103 1.50 0.50 33.3 1.07 0.53 49.5 
Oh43 X B37 1.90 0.80 42.1 1.62 0.69 42.6 
XL-45 1.34 0.85 63.4 1.49 0.59 39.6 
PX 610 1.91 0.87 45.5 1.26 0.69 54.8 
UH 138 1.82 0.78 42.9 1.21 0.69 57.0 
Mean 1.70 0.75 44.1 1.48 0.64 43.2 
The use of proportionately more photosynthate for grain production by the 
April 27 plantings displayed itself in slightly larger ears and signifi­
cantly more ears. The low population had a larger grain-stover ratio 
(highly significant) than the high population (1.59 vs 0.70). The stover 
weight per plant was more than twice as large for the low population, but 
every stalk produced an ear at the low population and many produced more 
than one ear. Also, the top ears were nearly three times as large for the 
low population as for the high population. The grain-stover ratio for the 
male-fertile cytoplasm was 1.10 as compared to 1.19 for the hybrids with 
male-sterile cytoplasm. This difference was small but significant at the 
5% level. The difference was due almost entirely to greater ear set at the 
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high population. The range of ratios for the 13 hybrids was from 0.20 for 
071 X 705 to 0.96 for 336 x 029 at the high population. 
Two interactions were highly significant, viz., P x H and D x P x H. 
The P X H interaction can be seen in Table 14. The tolerant hybrid 336 x 
025 had a grain-stover ratio 69.0% as large at the high population as at 
the low population, while the intolerant hybrid 071 x 705 had a ratio only 
14.4% as large at the high population as at the low population. Although 
these two values were extremes, the trend was for the grain-stover ratio to 
decrease more for the intolerant hybrids as population was increased. This 
was due to both greater barrenness and smaller ears. Table 15 shows that 
approximately 50% of the hybrids had a larger and 50% a smaller decrease in 
the grain-stover ratio when going from low to high population for Date 2 
than for Date 1. No explanation was found in the barrenness or ear weight 
values. 
Tassel size 
It was anticipated that the size of the tassel as measured by D.W. or 
volume might have considerable control over barrenness and thereby yield, 
by directing the partitioning of the plant metabolites. The tassel D.W. 
was decreased by about 14% by delaying planting and 50% (7.50 vs 3.78 g) by 
increasing the population. The latter response was highly significant. 
The main effect of cytoplasms was significant at the 1% level. The male-
sterile cytoplasm reduced the tassel D.W. by about the same amount as the 
high population (7.59 and 3.68 g for the fertile and sterile cytoplasms, 
respectively. Table 16). The tassel D.W.s ranged from 3.84 g for 336 x 029 
to 7.91 g for UH 138 (Table 17). There was a strong trend for the hybrids 
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Table 16. Tassel dry weight (g) at mid-anthesis as affected by dates of 
planting, populations, and cytoplasms averaged across 13 hybrids 
in Experiment 1 
Planting date 2/1 Population H/L 
1 2 (%) Low High (%) Mean 
Fertile 8.20 6.99 85 9.83 5.36 55 7.59 
Sterile 3.86 3.49 90 5.16 2.20 43 3.68 
S/F (%) 47 50 52 41 
Mean 6.03 5.24 7.50 3.78 
Table 17. Tassel dry weight (g) at mid-anthesis as affected by populations 
and hybrids in Experiment 1 
Population H/L 
Hybrid Low High (%) Mean 
B14 X 577 6.32 3.01 48 4.67 
P 3510 8.32 3.85 46 6.09 
336 X 025 5.01 2.82 56 3.92 
336 X 029 5.03 2.65 53 3.84 
071 X 705 11.03 4.13 37 7.58 
P 3306 7.02 3.04 43 5.03 
SX 29 8.72 3.86 44 6.29 
A632 X A619 6.32 4.38 69 5.35 
Wf9 X C103 9.45 5.75 61 7.60 
0h43 X B37 6.46 3.48 54 4.97 
XL-45 7.00 4.01 57 5.51 
PX 610 5.97 3.08 52 4.53 
UH 138 10.77 5.04 47 7.91 
Mean 7.50 3.78 50 5.64 
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with the heaviest tassels to be those with the greatest barrenness. The 
correlation values are presented in Tables 26 and 27. The most notable 
exception was UH 138 which had the heaviest tassel but ranked sixth in bar­
renness . 
All two-way and three-way interactions were highly significant for 
tassel D.W., except dates of planting x population (D x P) and D x H. 
D X P was nonsignificant, and D x H and the four-way interactions were sig­
nificant at the 5% level. Table 18 contains the results of the C x H and 
D X H interactions. No strong relationship could be found between the 
relative response of the tassel D.W. of the hybrids to male sterility and 
the relative response of the hybrids to male sterility for percent barren­
ness or grain yield. There was no relationship between the absolute size 
Table 18. Tassel dry weight (g) at mid-anthesis as affected by planting 
dates, cytoplasms, and hybrids in Experiment 1 
Hybrid 
Cytoplasm S/F 
(%) 
Planting date 2/1 
(%) Fertile Sterile 1 2 
B14 X 577 6.61 2.74 41 5.20 4.13 79 
P 3510 8.23 3.95 48 6.85 5.33 78 
336 X 025 5.56 2.29 41 4.00 3.84 96 
336 X 029 4.88 2.81 58 3.68 4.00 109 
071 X 705 9.71 5.46 56 8.63 6.53 76 
P 3306 6.96 3.10 43 5.10 4.95 97 
SX 29 7.99 4.60 58 7.25 5.33 74 
A632 X A619 6.83 3.88 57 6.28 4.42 70 
Wf9 X C103 10.91 4.29 39 7.30 7.90 108 
0h43 X B37 6.50 3.45 53 4.88 5.06 104 
XL-45 7.76 3.26 42 5.98 5.03 84 
PX 610 5.75 3.31 58 5.35 3.71 69 
UH 138 11.08 4.74 43 7.90 7.91 100 
Mean 7.59 3.68 50 6.03 5.24 87 
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of the fertile tassel and the size of the response. The results for the 
D X H interaction were equally as random. The data in Table 17 indicated 
that the hybrids with the largest tassels at low population gave the 
largest decrease in tassel D.W. as population was increased. The D x C and 
P X C interactions showed opposite results for the degree of response by 
cytoplasms. The tassel size of fertile hybrids decreased 5% more and 12% 
less than the sterile hybrids as date of planting was delayed and popula­
tion increased, respectively. Even though tassel D.W. had more significant 
effects than any other plant character measured in this experiment, the 
results were not too revealing. 
Tassel volume was taken on each tassel before it was dried. It was 
anticipated that the volume measurements might be more variable than the 
dry weights, but if the accuracy were adequate, it would provide a non­
destructive measurement of tassel size. The tassel volumes and the corre­
sponding ANOV are presented in Appendix Tables 103 and 104. The results 
were similar to those for tassel D.W., except the degree of statistical 
significance was generally less. 
Relative tassel dry weight 
It was thought that tassel D.W. expressed as a percentage of total 
plant D.W. might have more value than the absolute tassel D.W. Conse­
quently, this percentage was calculated and analyzed. Somewhat surpris­
ingly, the effect of populations was not significant, even at the 10% 
level. The tassel constituted about 20% more of the total plant D.W. at 
the higher population (4.3 vs 3.6%). The sterile hybrids had a much 
smaller percentage value than the fertile hybrids, of course, since the 
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tassel dry weights were much different and the total plant dry weights for 
the two cytoplasmic types were not different. The values for hybrids 
ranged from 3.0% for B14 x 577 and 336 x 025 to 5.3% for Wf9 x C103. There 
was a trend for the hybrids with the largest percentage of tassel to have 
the greatest amount of barrenness. The correlation coefficients were 
higher at the low population (Tables 26 and 27). 
The male-sterile cytoplasm affected the percentage tassel reduction for 
the hybrids to different degrees, thereby producing a highly significant 
C X H interaction. The relative amount of reduction in percentage tassel 
D.W. due to male sterility did not appear to be related to the percentage 
tassel D.W. of the fertile hybrids. For example, Wf9 x C103, which ranked 
highest as percentage tassel D.W. for the fertile, ranked ninth among the 
sterile hybrids, and B14 x 577, 336 x 029, and PX 610, which ranked lowest 
among the fertiles, ranked third, fifth, and sixth among the steriles (Table 
19). In general, the June 4 planting produced plants with relatively 
smaller tassel D.W.s than the April 27 planting (Table 20). The hybrids did 
react differently to the delayed planting, resulting in a highly significant 
D X H interaction. Hybrids Oh43 x B37, UH 138, Wf9 x C103, and 336 x 029 
had slightly larger percentage tassel values for the later date of plant­
ing. The remainder of the hybrids showed a decrease in percentage tassel 
with delayed planting, but the percent of decrease ranged from two for 
P 3306 to 23 for SX 29. The tassels were a larger percentage of the plant 
D.W. for 10 of 13 hybrids for the high population as compared to the low 
population. Two (071 x 705 and SX 29) of the remaining three hybrids had 
smaller values for the low population, and one (P 3306) was unchanged 
(Table 20). The range of values were 2.5% for 336 x 025 to 4.8% for 
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Table 19. Tassel:plant dry weight (%) at mid-anthesis as affected by 
cytoplasms and hybrids in Experiment 1 
Cytoplasm F/S 
Hybrid Fertile Sterile (%) Mean 
B14 X 577 4.1 2.0 205 3.0 
P 3510 6.2 2.7 230 4.5 
336 X 025 4.4 1.7 259 3.0 
336 X 029 4.1 2.2 186 3.1 
071 X 705 5.7 3.3 173 4.5 
P 3306 4.4 2.0 220 3.2 
SX 29 5.0 2.8 179 3.9 
A632 X A619 5.8 3.0 193 4.4 
Wf9 X C103 7.4 3.3 224 5.3 
Oh43 X B37 5.1 2.4 213 3.7 
XL-45 6.5 2.5 260 4.5 
PX 610 4.1 2.1 195 3.1 
UH 138 7.2 2.8 257 5.0 
Mean 5.4 2.5 216 4.0 
Table 20. Tassel:plant dry weight (%) at mid-anthesis as affected by 
dates of planting, populations, and hybrids in Experiment 1 
Hybrid 
Planting date 2/1 
(%) 
Population H/L 
(%) 1 2 Low High 
B14 X 577 3.2 2.9 90 3.0 3.1 104 
P 3510 5.2 3.7 71 4.4 4.6 106 
336 X 025 3.2 2.9 89 2.5 3.6 144 
336 X 029 3.0 3.3 112 2.8 3.5 127 
071 X 705 5.0 4.0 81 4.8 4.2 87 
P 3306 3.2 3.2 98 3.2 3.2 100 
SX 29 4.4 3.4 77 4.0 3.9 96 
A632 X A619 4.8 4.0 84 3.5 5.3 151 
Wf9 X C103 5.2 5.5 105 4.4 6.3 141 
Oh43 X B37 3.7 3.8 101 3.5 4.0 115 
XL-45 4.7 4.3 93 4.0 5.0 127 
PX 610 3.8 2.4 64 2.7 3.5 130 
UH 138 4.9 5.1 103 4.7 5.4 114 
Mean 4.2 3.7 89 3.6 4.3 1.2 
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071 X 705 at the low population and 3.1% for B14 x 577 to 6.3% for Wf9 x 
C103 at the high population. No relationship could be seen between the 
percentage tassel D.W. at high population and the percentage tassel D.W. at 
low population. 
The percentage tassel D.W. increased from 4.7 to 6.1 (30%) for the 
fertile counterparts when the population was increased, whereas it decreased 
from 2.7 to 2.5 (7%) for the sterile hybrids when moving to the higher pop­
ulation. 
Characters associated with the second ear 
Several researchers have shown that hybrids which can produce more 
than one ear tend to have higher yields in very sparse or very dense stands 
than do single-eared hybrids (Collins et al., 1965; Andrew, 1967; Russell 
and Eberhart, 1968). In the sparse stands, the multi-eared hybrid can 
increase number of ears per plant as well as ear size, and at dense stands, 
the multi-eared varieties tend to have less barrenness. 
The ratio of number of second ears compared to first or top ears (100 
is equivalent to two ears per plant), the size of the second ear, and the 
grain D.W. of the second ear were recorded for Experiment 1. The values 
for these characters were 64 and 43%, 116 and 72 g, and 924 and 501 kg/ha 
for Date 1 and 2, respectively. The ear number ratio values were not sig­
nificantly different, but the other two characters were significantly 
affected by dates of planting. 
The male-sterile hybrids gave a significantly larger ear number ratio, 
(49 vs 58%) larger ears (84 vs 103 g), and larger grain D.W. (629 vs 791 
kg/ha), with the latter just missing significance at the 1% level. The 
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values for the highly significant D x H interactions for these variables 
are presented in Table 21. All hybrids except SX 29 had fewer second ears 
at the later planting, but the decrease from the later planting varied from 
a -58% for B14 x 577 to -3% for Wf9 x C103. Four of the more intolerant 
genotypes produced no second ears for the June 4 planting. The effect of 
dates of planting on size of the second ear was very similar to that for 
ear number, i.e. those hybrids which had the largest decrease in number or 
produced no second ears at the later planting had the largest decrease in 
ear size. The interaction on grain D.W. of second ears is self-explanatory, 
since it is a product of the first two variables. 
Table 21. Ear number ratio and size and grain yield of second ears as 
affected by planting date in Experiment 1 
Number ratio (%) Size (g) Grain wt. (kg/ha) 
Hybrid Date 1 Date 2 Date 1 Date 2 Date 1 Date 2 
B14 X 577 78 20 153 63 1326 247 
P 3510 47 0 114 0 623 0 
336 X 025 64 52 95 88 644 441 
336 X 029 90 80 136 94 1186 791 
071 X 705 7 0 9 0 13 0 
P 3306 100 85 166 139 1704 1210 
SX 29 75 82 95 135 711 1140 
A632 X A619 85 80 163 99 1363 779 
Wf9 X C103 3 0 14 0 14 0 
0h43 X B37 97 50 136 116 1296 564 
XL-45 23 0 79 0 216 0 
PX 610 92 80 185 137 1712 1098 
UH 138 75 30 161 62 1209 243 
Mean 64 43 116 72 924 501 
60 
Characters associated with tillers 
Tillers, like ears, develop from lateral buds, therefore, it seemed 
worthwhile to measure the tillering attributes of the hybrids. The number 
of tillers per plant, D.W, per tiller, and grain yield from the tillers 
were all determined for Experiment 1. These tiller attributes were rather 
variable, consequently very few effects were significant. None of the 
effects were significant for D.W. per tiller, and the only significant 
effect for number of tillers or tiller grain yield was hybrids. The number 
of tillers per plant ranged from 1.9 for SX 29 to 0.1 for Wf9 C103, with an 
average of 1.0. The number of tillers was not significantly related to 
barrenness or yield of the main stalk (Table 26). As expected, there was a 
fairly close relationship between tiller number and tiller yield. The 
yields ranged from 5 kg/ha for Wf9 x C103 to 1946 kg/ha for A632 x A619. 
Tiller yield had about the same correlation coefficients as tiller number 
with barrenness. The values for the tiller characters are presented in 
Appendix Table 103. 
Ear and silk lengths 
From previous results, it was known that populations did not greatly 
affect anthesis date. Therefore, it was decided to use the mid-anthesis 
date for determining the time to measure ear shoot length, D.W., and silk 
length of the two uppermost ears. 
From a study of the correlation coefficients, it was found that the 
ratio of the values of ear length, ear D.W., and silk length of the first 
(top) and second ears obtained from the low population was of much greater 
value for predictive purposes than were the absolute values. However, at 
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the high population, the absolute values of first ear measurements were of 
much greater value than were those of the second ear or the ratios. The 
ear lengths and D.W.s were highly correlated (r values of approximately .80 
to .90), however, the ear length was usually more closely correlated to 
yield and barrenness than was the D.W. In addition, the ear length can be 
measured in the field. Therefore, only the ear and silk measurements for 
the first ear will be presented for the high population and the ratio of 
second to first ear and silk lengths for the low population. All of the 
means and ANOVs may be found in Appendix Tables 103 and 104, respectively. 
The length of the first ear was 122% as large for the male-sterile 
hybrids as for the fertile counterparts at the high population. This dif­
ference was highly significant. The ear length for the 13 hybrids ranged 
from 48 mm for 071 x 705 to 104 mm for A632 x A619 (Table 22). The ear 
length was negatively related to percent barrenness. The correlation coef­
ficients were -0.83 and -0.68 for the fertile and sterile hybrids, respec­
tively. Hybrids interacted with both dates of planting and cytoplasm at 
the 5% level. Nine hybrids produced shorter ears when planted later, while 
four produced longer ears for this planting. Table 22 shows the ear 
lengths for the June planting to range from 71 to 132% of those for the 
April planting. No relationship between response of ear length to planting 
dates and percent barrenness or between response of ear length to planting 
dates and response of barrenness to planting dates was noticed. 
Except for 0h43 x B37, male sterility increased the ear length of all 
hybrids (Table 22). The percent increase was from -3% for 0h43 x B37 to 
128% for 071 X 705, however, 071 x 705 still produced the shortest ear. 
The degree of response did not appear to be related to absolute barrenness. 
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Table 22. Length (mm) of first ear at mid-anthesis for the high population 
as affected by dates of planting, cytoplasms, and hybrids. 
Experiment 1 
Hybrid 
Cytoplasm S/F 
(%) Mean 
Planting date 2/1 
(%) Fertile^ Sterile^ 1 2 
B14 X 577 84abc^ llla^ 132 97 102 93 91 
P 3510 49de 80bcd 163 64 61 68 111 
336 X 025 94ab lOlab 107 98 101 94 93 
336 X 029 82abc 93abc 113 88 97 78 80 
071 X 705 29e 66d 228 48 41 54 132 
P 3306 72abcd 73cd 101 72 74 71 95 
SX 29 65cd 91abcd 140 78 74 81 109 
A632 X A619 98a 109a 111 103 109 98 89 
Wf9 X CI03 55d 74cd 135 65 67 62 92 
0h43 X B37 88abc 86abcd 97 87 96 78 81 
XL-45 87abc 97abc 111 92 107 76 71 
PX 610 97a 112a 115 104 100 109 109 
UH 138 67bcd 73cd 109 70 80 61 76 
Mean 743 90^ 122 82 85 79 93 
^Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
LSR = 22 for F-S comparison of each hybrid within a population. 
3 
LSR = 6 for F-S comparison of cytoplasm means within a population. 
but some parallelism was noted between the degree of response of ear length 
to male sterility and response of barrenness to male sterility. 
The silk length of the first ear at high population responded simi­
larly, but to a greater degree, to male-sterile cytoplasm than did ear 
length. The difference amounted to 36% (98 vs 134 mm). When ranked, the 
hybrids did not move more than two positions when ear and silk length were 
compared. The correlation coefficients for these were 0.97 and 0.87 for 
fertile and sterile hybrids, respectively. Unlike ear length, the C x H 
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interaction was not significant, and the D x H interaction was just on the 
border of significance at the 5% Level. The response in silk length for 
each hybrid to dates of planting was similar to its response in ear length 
(Table 23) 
Table 23. Silk length (mm) of first ear at mid-•anthesis for high popula-
tion as affected by dates of planting and hybrids. Experiment 1 
Planting date 2/1 
Hybrid 1 2 (%) Mean 
B14 X 577 155 120 77 137 
P 3510 74 84 114 79 
336 X 025 161 160 99 160 
336 X 029 159 123 77 141 
071 X 705 42 63 150 52 
P 3306 97 71 73 84 
SX 29 108 126 117 116 
A632 X A619 216 171 79 193 
Wf9 X C103 44 42 95 43 
Oh43 X B37 153 102 67 127 
XL-45 177 86 49 131 
PX 610 134 164 122 149 
UH 138 120 66 55 93 
Mean 126 106 84 116 
Ear length ratio (second/first) at low population was increased from 
77 to 82% (highly significant) by the male-sterile cytoplasm. The ratios 
for the various hybrids only varied from 57% for 071 x 705 to 88% for 
PX 610. This was surprising, since 071 x 705 and Wf9 x C103 produced 
essentially no harvestable second ears (Table 21). The correlation between 
ear length ratio at mid-anthesis and ear number ratio at harvest time was 
0.72 and 0.82 for fertile and sterile hybrids, respectively. The ear 
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length ratios had a much smaller range than ear number ratios, and nine 
hybrids were in the 81 to 88% range (Table 24). 
Table 24. Ear length ratio (%) at mid-anthesis for the low population as 
affected by cytoplasms and hybrids. Experiment 1 
Cytoplasm 
Hybrid Fertile^ Sterile^ S-F Mean 
2 2 
B14 x 577 78abc 76ab -2 77 
P 3510 74abc 74ab 0 74 
336 X 025 Slab 89a 8 85 
336 X 029 87a 85 ab -2 86 
071 X 705 51bc 62b 11 57 
F 3306 80abc 86a 6 83 
SX 29 74abc 88a 14 81 
A632 X A619 83a 89a 6 86 
Wf9 X C103 58bc 7 lab 13 65 
0h43 X B37 88a 84ab -4 86 
XL-45 80abc 84ab 4 82 
FX 610 85a 91a 6 88 
UH 138 86a 84ab -2 85 
Mean 773 82^ 5 80 
Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
2 
LSR = 20 for F-S comparison of each hybrid within a population. 
3 
LSR = 5 for F-S comparison of cytoplasm means within a population. 
The D X C and C x H interactions were both significant. The ear 
length ratio was the same for both dates for the fertile hybrids (77%), 
but for the sterile hybrids, it decreased from 84 to 80%. The cytoplasmic 
effect on individual hybrids ranged from a ratio difference of -4% (sterile 
had the smaller ratio) to 14% (Table 24). The response of ear length ratio 
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to male-sterile cytoplasm did not appear to be related to the cytoplasmic 
response for barrenness. 
The cytoplasmic effect on silk length ratio (second/first) was signi­
ficant at a lower level (5%) than for ear length ratio, although the 
absolute difference (5%) was the same. There was a greater spread among 
hybrids for the values of silk length ratio than ear length ratio, and the 
silk length ratios were closer to the absolute ear number ratios and more 
highly correlated (0.61 and 0.79 for fertile and sterile hybrids, respec­
tively) than were the ear length ratios. 
The D X H interaction for silk length ratio was highly significant and 
is shown in Table 25. The number of hybrids giving an increase with the 
later planting was about the same as the number giving a decrease. The 
Table 25. Silk length ratio (%) at mid-anthesis for low population as 
affected by dates of planting and hybrids. Experiment 1 
Planting date 
Hybrid 1 2 2-1 Mean 
B14 X 577 63 65 2 64 
P 3510 54 65 11 60 
336 X 025 89 80 -9 85 
336 X 029 90 78 -12 84 
071 X 705 28 58 30 43 
P 3306 69 61 -9 65 
SX 29 71 80 9 75 
A632 X A619 85 86 1 86 
Wf9 X C103 21 46 25 33 
0h43 X B37 86 72 -14 79 
XL-45 84 73 -11 79 
PX 610 90 90 0 90 
UH 138 85 72 -13 78 
Mean 70 71 1 71 
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most notable hybrids giving an increase were 071 x 705 and Wf9 x C103. 
These were the same varieties that had the highest barrenness, but barren­
ness decreased for 071 x 705 and increased for Wf9 x C103 with delayed 
planting. 
Relationships of grain yield and barrenness at high population with other 
characters measured at either population 
Simple correlations The simple correlation coefficients for grain 
yield and barrenness at the high population and other characters measured 
at the low or high plant density are summarized in Tables 26 and 27, respec­
tively. The characters showing a high degree of correlation with grain 
yield or barrenness were usually the same for the normal and cytoplasmic 
male-sterile hybrids. 
The relation of these characters with grain yield or barrenness at the 
high population was dealt with in their respective sections. Therefore, no 
further comments concerning these values will be given in this section. 
Multiple regressions Multiple regressions using grain yield or 
barrenness at the high population as the dependent variable and characters 
measured at the low population as the independent variables were generated. 
The purpose of generating these equations was to predict the barrenness and 
grain yield of corn grown at high population. That is, to develop an index 
or indices that may be used as selection tools. To be useful in the pre­
diction equation, the independent variables not only had to make a signifi­
cant contribution to the model, but it also had to be one which could be 
quickly measured. 
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Table 26. Simple correlation coefficients (r) for grain yield and barren­
ness at high population with plant characters at low population 
in Experiment 1 
Cytoplasm 
Fertile Sterile 
Character 
Grain 
yield 
Barren­
ness 
Grain 
yield 
Barren 
ness 
S -.61* .71** -. 66* .56* 
PS -.47 .48 
PS to S interval -.36 .56* - -
Silking rate .40 -.17 .30 -.24 
Anthesis rate .36 -.34 - -
Tassel D.W. - .62* .66* -.58* .66* 
Tassel vol. -.57* .64* - .48 .58* 
#1 ear length -.05 -.17 .20 -.29 
#2 ear length .56* -.69** .48 -.55* 
Ear length ratio .88** -.85** .72** -.73** 
#1 ear D.W. 0 PS -.04 -.04 -.21 .10 
#2 ear D.W. (? PS .44 -.55* .26 -.33 
Ear D.W. ratio .76** -.84** .67* -. 64* 
#1 silk length .40 -.52 .50 -.54 
#2 silk length .71** -.83** .60* -.62* 
Silk length ratio .80** -.89** .72** -.71** 
Yield-#1 ear -.76** .84** —.69** .75** 
Yield-#2 ear .66* -.49 .65* -. 66* 
#1 ear D.W. -.71** .80** -.70** .76** 
#2 ear D.W. .76** -.63* .74** -.72** 
Yield-#2/#l ear .67* -.53 .69** -.73** 
Ear no. ratio .72** -.61* .65* -.74** 
D.W./stalk -.56* .59* -.34 .26 
No. of tillers .32 -.29 .53 -.51 
Yield-main plant -.04 .30 .18 -.14 
Yield-tillers .41 -.34 .51 - .48 
Yield-total .33 -.12 .54 -.49 
Grain:stover .38 -.16 .75** -.67* 
% tassel D.W. -.49 .54 - .48 .60* 
D.W./tiller -.63* .60* -.07 .05 
^Significant at 
•^^Significant at 
the 
the 
.05 level 
.01 level 
for 
for 
this and 
this and 
all 
all 
following tables, 
following tables. 
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Table 27. Simple correlation coefficients (r) for grain yield and barren­
ness at high population with other characters at high population 
in Experiment 1 
Cytoplasm 
Fertile Sterile 
Grain Barren­ Grain Barren­
Character yield ness yield ness 
S -.67* .77** -.71** .62* 
PS -.43 .46 
PS to S interval -. 66* .79** - - — — 
Silking rate .59* -.71** .62* -.57* 
Anthesis rate .02 -.21 - - - -
Tassel D.W. -.41 .41 -.45 .63* 
Tassel vol. -.32 .30 -.36 .59* 
#1 ear length .76** -.83** .58* -. 68* 
#2 ear length .51 -.61* .59* -. 64* 
Ear length ratio .04 -.12 .34 -.32 
#1 ear D.W. @ PS .69** -.78** .41 -.56* 
#2 ear D.W. @ PS .46 -.53 .45 -. 60* 
Ear D.W. ratio .42 -.38 .15 -.18 
#1 silk length .75** -.83** .56* -. 68* 
#2 silk length .32 -.45 .48 -.60* 
Silk length ratio .18 -.32 .49 -.60* 
#1 ear D.W. .90** -.66* .82** -.67* 
D.W./plant -.50 .50 -.17 .25 
7o tassel D.W. -.20 .20 -.38 .54 
Grain:stover .93** -.91** .89** -.89** 
Barrenness -.89** 1.00 -.91** 1.00 
Only prediction equations involving the fertile hybrids at the low 
population are presented here, since it is almost exclusively hybrids with 
normal cytoplasms which the majority of corn breeders work. 
The values in Table 28 show that the D.W. of the first ear, the rela­
tive development of the second ear compared to first ear, and absolute 
length of the silk on the second ear were the main characters that could be 
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Table 28. Multiple regression models for the fertile hybrids with barren­
ness at high population as the dependent variable and characters 
measured at low population as the independent variables, Experi­
ment 1 
Independent b value t value R^ (%) 
Ear L. ratio @ PS -0.551 -1.60 87** 
#1 ear D.W. 0.027 3.01* 
No. tillers -8.488 -2.04 
Ear L. ratio @ PS -0.821 -2.25* 81** 
#1 ear D.W. 0.020 2.14 
Silk L. ratio @ PS -0.615 -2.98* 85** 
#1 ear D.W. 0.016 -1.78 
Ear D.W. ratio (? PS -0.544 -2.78* 84** 
#1 ear D.W. 0.022 2.82* 
#2 silk L. @ PS -0.143 -2.63* 83** 
#1 ear D.W. 0.023 2.91* 
#1 ear D.W. 0.038 6.67** 83** 
No. tillers -0.110 -2.68* 
used to predict the amount of barrenness of a hybrid if it were planted at 
the high population. The ear length, ear D.W., and silk length ratios were 
all highly correlated to each other and about equally correlated to barren­
ness. It appears that the equation that would give one of the largest mul-
2 
tiple correlation coefficients (R ) and be the quickest to measure would be 
the one with #2 silk length at PS and #1 ear D.W. If one would be willing 
to settle for a smaller coefficient of determination, the measurement of #1 
ear D.W. alone would be quicker and nondestructive. 
Since barrenness and grain yield at the high population were very 
closely related (r = -0.91), it was expected that the same variables that 
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appeared best in the prediction equation for barrenness would appear best for 
grain yield. This was found to be true, but the corresponding coefficients 
of determination were lower, in general, for the grain yield equations 
(Table 29). Also, in general, #1 ear D.W. made a smaller contribution to 
the grain yield than to the barrenness prediction equations. 
Table 29. Multiple regression models for the fertile hybrids with grain 
yield at high population as the dependent variable and charac­
ters measured at the low population as the independent variables. 
Experiment 1 
2 
Independent b value t-value R (%) 
Ear L. ratio (? PS 82.92 2.45* 83** 
#1 ear D.W. -1.27 -1.46 
No. tillers 638.96 1.56 
Ear L. ratio Q PS 103.30 3.09** 78** 
#1 ear D.W. -0.80 -0.91 
Silk L. ratio @ PS 44.51 1.71 67** 
#1 ear D.W. -1.35 -1.21 
Ear D.W. ratio @ PS 43.24 1.84 68** 
#1 ear D.W. -1.68 -1.80 
Ear L. ratio @ PS 108.07 3.50** 78** 
Ear no. ratio 8.54 0.84 
Ear L. ratio (3 PS 120.54 4,46** 77** 
D.W. /plant @ PS -5.37 -0.40 
#1 ear D.W. -2.97 -4.66** 72** 
No. tillers 1023.61 2.22 
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Experiment 2, 1969 
This experiment was planted at two populations on May 16, 1969, which 
was midway between the two planting dates used in 1968» Eight hybrids, 
varying in their tolerance to population, and their male-sterile counter­
parts were used in this experiment. Seven of the hybrids were the same as 
used in Experiment 1, 1968. The other hybrid, X4905A, was considered to be 
rather tolerant to high populations. 
Yield levels were considerably higher and barrenness values consider­
ably lower in 1969, as compared to 1968. The growing conditions were 
slightly better in 1969 as measured by temperature and precipitation 
(Appendix Table 102), but much of the difference between the 1968 and 1969 
results reported herein is believed to be due to the experimental sites. 
The soil at the 1968 site has very low water holding capacity. 
Although tested with only one and three degrees of freedom, the main 
effect of populations was highly significant for every character measured, 
except days to anthesis. This was undoubtedly due to the extremes in popu­
lation. The main effect of hybrids was highly significant for all charac­
ters, except for relative yield and number of plants per harvest plot, 
which were found to be significant at the 5% level and nonsignificant, 
respectively. As in the 1968 experiment and the other experiments of 1969, 
the main effects of hybrids was of less interest than the hybrid interac­
tions . 
Grain yield 
The mean grain yields were 4291 and 8477 kg/ha for the low and high 
populations, respectively. Table 26 shows that the response of a given 
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hybrid Co male sterility ranges from a 12% increase for 071 x 705 to an 8Z 
decrease for XL-45 for grain yield. The highly intolerant hybrid 071 x 705 
gave the greatest positive response to male-sterile cytoplasm, and the other 
two hybrids (SX 29 and P 3510) which gave positive yield responses also 
were among the four lowest yielding fertile hybrids. The cytoplasms x 
hybrids (C x H) and populations x hybrids (P x H) interactions were both 
significant at the 1% level of probability. All hybrids produced larger 
grain yields at the higher population, but the response ranged from an 
increase of 54% (2268 kg/ha) for 071 x 705 to 151% (5471 kg/ha) for XL-45 
(Table 30). XL-45 had the lowest and 071 x 705 third from the lowest yield 
at low population. 
The outstanding difference between the effect of cytoplasms on hybrids 
at the two populations was the response of 071 x 705. This hybrid gave a 
4% reduction in yield at the low population for the sterile cytoplasm but a 
Table 30. Grain yield (kg/ha) as affected by populations, cytoplasms, and 
hybrids in Experiment 2 
Hybrid 
Cytoplasm S/F 
(%) Mean 
Population H/L 
(%) Fertile Sterile Low High 
B14 X 577 6259 5981 96 6120 3764 8477 225 
P 3510 6065 6223 103 6144 4298 7991 186 
X4905A 6838 6437 94 6637 4645 8630 186 
336 X 029 7496 7208 96 7352 4711 9993 212 
071 X 705 5019 5601 112 5310 4176 6444 154 
P 3306 6885 6395 93 6640 4748 8531 180 
SX 29 6318 6707 106 6512 4365 8659 198 
XL-45 6627 6093 92 6360 3624 9095 251 
Mean 6488 6330 98 6409 4291 8477 199 
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23% increase at the high population (Table 31). This was the type of 
response expected from an intolerant hybrid. 
Table 31. Grain yield (kg/ha) as affected by the populations x cytoplasms 
X hybrids interaction in Experiment 2 
Low population High population 
Hybrid Fertile^ Sterile S/F (%) Fertile Sterile^ S/F (7o) 
B14 X 577 3762bc^ 3766bc^ 100 8756c^ 8197bc^ 94 
F 3510 4273ab 4322abc 101 785 8d 8124c 103 
X4905A 4792a 4498ab 94 8884bc 8375bc 94 
336 X 029 4836a 4587a 95 10156a 9829a 97 
071 X 705 4252ab 4100abc 96 5787e 7102d 123 
P 3306 4945a 4552a 92 8824c 8239bc 93 
SX 29 4217ab 4514ab 107 8418cd 8900b 106 
XL-45 3643bc 3605c 99 961lab 8580bc 89 
Mean 4340^ 4243^ 98 8537^ 8418^ 99 
Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
2 
LSR = 673 for F-S comparison for each hybrid within a population. 
3 
LSR = 238 for F-S comparison of cytoplasm means within a population. 
Barrenness 
The sterile hybrids set almost TL (9.2 vs 16.0%) more ears than the 
fertile hybrids at the high population. This difference was highly signi­
ficant, as was the C x H interaction (Table 32). The only hybrid which 
gave a negative response to the sterile cytoplasm was X4905A, and this 
response was not large (8.1 vs 9.5% barrenness). There did not seem to be 
any relationship between the amount of barrenness for the fertile hybrid 
and the degree of response to its male-sterile counterpart for barrenness. 
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Table 32. Percent barrenness at high population as affected by cytoplasms 
and hybrids in Experiment 2 
Cytoplasm S/F 
Hybrid Fertile^ Sterile^ (%) Mean 
B14 X 577 11.7bc^ 10.5b^ 90 11.1 
P 3510 16.3b 4.5bc 28 10.4 
X4905A 8.1c 9.5b 117 8.8 
336 X 029 10.9bc 1.5c 14 6,2 
071 X 705 41.4a 23.4a 57 32.4 
P 3306 18.3b 9.8b 54 14.1 
SX 29 12.2bc 8.3bc 68 10.2 
XL-45 9.3bc 5.9bc 63 7.6 
Mean 16.0 9.2 58 12.6 
^Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
=6.7 for F-S comparison of each hybrid. 
The correlation between grain yield and barrenness was about the same for 
hybrids with fertile or sterile cytoplasm (-0.89 and -0.84, respectively). 
Ear size 
Ear dry weight was of great importance in this experiment, since male 
sterility reduced barrenness but did not increase grain yield. The ear 
size was more closely related to grain yield for the fertile than for the 
sterile hybrids at the high population. The ears from the fertile hybrids 
were 10 g heavier than from the sterile counterparts. There was no signi­
ficant populations x cytoplasms (P x C) or C x H interaction for ear weight. 
There was a highly significant effect by populations and by the P x H 
interaction. The ears were only 40% as large for the high population. 
There was a very strong tendency for the hybrids producing the largest ears 
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at the low population to give the greatest reduction as population was 
increased (Table 33). The range of ear weights went from 221 g for 336 x 
029 to 356 g for 071 x 705 at the low population, while the range was only 
from 100 to 119 g for P 3510 and 336 x 029, respectively, at the higher 
population. 
Table 33. First ear dry weight (g) as affected by populations and hybrids 
in Experiment 2 
Population H/L 
Hybrid Low High (%) Mean 
B14 X 577 256 107 42 181 
P 3510 275 100 36 187 
X4905A 280 106 38 193 
336 X 029 221 119 54 170 
071 X 705 356 109 31 233 
P 3306 237 107 45 172 
SX 29 297 107 36 202 
XL-45 259 108 42 184 
Mean 273 108 40 191 
Seed size 
Seed size (D.W.) is a component of ear size and, therefore, a compo­
nent of yield. Seed D.W. (g/100 seed) was reduced from 26.5 g to 22.2 g by 
increasing the population and from 24.7 g to 24.0 g by use of the male-
sterile cytoplasm. Both effects were highly significant, as were the P x C 
and P X H interactions. Cytoplasms had no effect on seed size at the low 
populations, but male sterility reduced seed size from 23.0 to 21.4 g at 
the high population. Table 34 shows that SX 29 and 071 x 705 had the 
greatest reduction in seed size due to increased plant density and the 
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Table 34. Kernel weight (g/100 seed) as affected by populations, cyto­
plasms, and hybrids in Experiment 2 
Hybrid 
Cvtopl asm S/F 
(%) Mean 
Population H/L 
(%) Fertile Sterile Low High 
B14 X 577 25.2 25.3 100 25.2 27.2 23.3 86 
F 3510 22.4 21.1 94 21.7 23.6 19.9 84 
X4905A 24.1 23.2 96 23.7 25.7 21.6 84 
336 X 029 24.1 22.4 93 23.3 25.8 20.7 80 
071 X 705 27.3 28.1 103 27.7 31.3 24.1 77 
F 3306 24.3 23.0 95 23.7 24.1 23.2 96 
SX 29 24.5 25.2 103 24.8 28.2 21.5 76 
31-45 25.7 23.4 91 24.6 26.0 23.1 89 
Mean 24.7 24.0 97 24.4 26.5 22.2 84 
largest (although quite small) increase due to male-sterile cytoplasm. 
Although the relationship is not easily seen in Table 34, the correlation 
values in Table 56 show that there was a tendency for hybrids with larger 
seeds to have greater barrenness at high population for the sterile hybrids 
but not for the fertile hybrids. 
Flowering 
All treatments and interactions were highly significant for number of 
days from planting to 50% silking. Silking was delayed 3.5 days by the 
higher plant density, and days to silking was reduced 0.9 days by male 
sterility. The sterile hybrids silked 0.1 and 1.7 days earlier than the 
fertile counterparts for the low and high populations, respectively. The 
higher population silked 4.2 and 2.6 days later than the lower population 
for fertile and sterile hybrids, respectively. 
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Table 35. Days to 50% silking as affected by populations, cytoplasms, and 
hybrids in Experiment 2 
Hybrid 
Cytoplasms 
F-S Mean 
Population 
H-L Fertile Sterile Low High 
B14 X 577 79.1 78.5 0.6 78.8 77.3 80.2 2.9 
P 3510 78.9 77.5 1.4 78.2 75.6 80.8 5.2 
X4905A 77.3 76.2 1.1 76.8 74.3 79.2 4.9 
336 X 029 71.6 70.8 0.8 71.2 70.7 71.7 1.0 
071 X 705 84.5 81.2 3.3 82.3 79.7 86.0 6.3 
P 3306 81.7 81.7 0.0 81.7 79.5 83.8 4.3 
SX 29 80.9 80.4 0.5 80.6 79.0 82.2 3.2 
XL-45 70.8 71.0 -0.2 70.9 71.1 70.7 -0.4 
Mean 78.1 77.2 0.9 77.7 75.9 79.4 3.5 
The P X H and C x H interactions may be observed in Table 35. The 
hybrids maintained basically the same ranking for silking for both popula­
tions, however, the delay in silking caused by the higher population was 
quite different among hybrids. The intolerant hybrid 071 x 705 had 6.3 days 
and the tolerant hybrids, 336 x 029 and XL-45, had a 1.0 and -0.4 days 
delay, respectively, due to increased plant density. The number of days to 
silking was decreased 3.3 days for 071 x 705 and -0.2 days for XL-45 by the 
sterile cytoplasm. It can be seen in Table 35 that those hybrids which 
silked earliest for fertile cytoplasm and low population showed the least 
response to sterile cytoplasm and higher population. Also, hybrids with an 
early silking date showed less barrenness (Tables 55 and 56). The popula-
lations x cytoplasms x hybrids (P x C x H) interaction shown in Table 36 
reveals that the response to male sterility for silking, as for most other 
characters measured, was gre&cer at the higher population. 
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Table 36. Days to 50% silking as affected by the populations x cytoplasms 
X hybrids interaction in Experiment 2 
Hybrid 
Low population High population 
Fertile^ Sterile^ F-S Fertile^ Sterile^ F-S 
B14 X 577 77.5b^ 77. Ib^ 0.4 80.6de^ 79.8cd^ 0.8 
P 3510 75.6c 75.5bc 0.1 82.led 79.4d 2.7 
X4905A 74.4c 74.2c 0.2 80.2f 78.2d 2.0 
336 X 029 71.Id 70.2d 0.9 72. Og 71.4e 0.6 
071 X 705 80.0a 79.4a 0.6 89.1a 83. Oab 6.1 
P 3306 79.5a 79.5a 0.0 83.9b 83.8a 0.1 
SX 29 78.6ab 79.4a -0.8 83.1bc 81.3bc 0.0 
XL-45 70.8d 71.3d -0.5 70.7g 70.7e 0.0 
Mean 76.0^ 75.9^ 0.1 80.2^ 78.5^ 1.7 
^Values within a cytoplasm within a population not followed by the 
same letter are significantly different. 
2 
LSR =1.4 for F-S comparison for each hybrid within a population. 
3 
LSR = 0.5 for F-S comparison of cytoplasm means within a population. 
The only treatment or interaction that was not highly significant for 
silking interval was the C x H interaction, which was nonsignificant. An 
increase in plant density resulted in an increase in the silking interval 
of 2.8 days, and the male-sterile cytoplasm decreased this interval by 0.9 
days. The interaction of these two treatments show that populations gave a 
greater response for the fertile hybrids than for the sterile hybrids 
(3.6 vs 2.1 days), and cytoplasms gave a greater response at the higher 
population. This type of response was true for most all characters meas­
ured. Table 37 showing the P x H interaction shows that the higher plant 
density environment affected some genotypes much more than others. As with 
days to silking, 071 x 705 was the hybrid with the greatest response to 
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Table 37. Days from 25 to 75% silking as affected by populations and 
hybrids in Experiment 2 
Population 
Hybrid Low High H-L Mean 
B14 X 577 3.1 4.8 1.7 3.9 
P 3510 2.9 6.5 3.6 4.7 
X4905A 1.3 5.4 4.1 3.4 
336 X 029 2.3 3.5 1.2 2.9 
071 X 705 2.7 9.6 6.9 6.2 
P 3306 2.0 5.5 3.5 3.9 
SX 29 2.4 3.6 1.2 3.0 
XL-45 2.9 3.0 0.1 3.0 
Mean 2.5 5.3 2.8 3.9 
populations. The relationship between the amount of response and barren­
ness appeared fairly good, but the relationship between silking interval at 
the two populations was not as close as expected. The correlation coeffi­
cients between the silking interval and barrenness or grain yield for each 
population can be seen in Tables 55 and 56. The effect of the three-way 
interaction on the silking interval shown in Table 38 was similar to its 
effect on days to silking. 
The number of days from anthesis to silking can have a sizable effect 
on pollination and fertilization and, thereby, barrenness and grain yield. 
The interval between mid-anthesis and mid-silking increased from 0.6 days 
to 3.9 days as the population increased. Table 39 shows that once again 
071 X 705 gave the largest response to population change and had the 
largest interval at both populations. The hybrid SX 29 gave a large 
response even though it reached mid-silking 1.8 days before mid-anthesis at 
the low population. 
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Table 38. Days from 25 to 75% silking as affected by populations, cyto­
plasms, and hybrids in Experiment 2 
Low population High population 
Hybrid Fertile^ Sterile^ F-S Fertile^ Sterile^ F-S 
B14 X 577 3.2a 3.0a 0.2 5.8bc 3.7bc 2.1 
P 3510 3.0a 2.8a 0.2 7.4b 5.5ab 1.9 
X4905A 1.5a 1. la 0.4 6. Ibc 4.7abc 1.4 
336 X 029 2.6 a 2.0a 0.6 4.0cd 3.0bc 1.0 
071 X 705 2.2a 3.1a -0.9 12.3a 6.9a 5.4 
P 3306 1.9a 2.1a -0.2 5.5bc 5.6ab -0.1 
SX 29 2.2a 2.6a -0.4 4.7cd 2,6c 2.1 
XL-45 3.5a 2.3a 1.2 2.6d 3.4bc -0.8 
Mean 2.5 2.4 0.1 6.1 4.5 1.6 
^Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
2 
LSR = 2.2 for F-S comparison for each hybrid within a population. 
3 
LSR = 0.8 for F-S comparison of cytoplasm means within a population. 
Days to anthesis 
As in 1968, the number of days from planting to mid-anthesis was not 
significantly affected by plant density. The P x H interaction presented 
in Table 40 was highly significant. The largest effect of populations on 
any hybrid was 1.7 days. No relationship between response of days to 
anthesis to a population increase and number of days to anthesis at the low 
population or barrenness at the high population was apparent. 
Tassel size 
Tassel D.W. was determined at two stages of development in this experi­
ment. Tassel D.W. at the tassel emergence stage was only 53% as large for 
the high population as for the low population and only 59% as large for the 
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Tat)lu 39. Days from 50% anthesis to 50% silking for the fertile hybrids as 
affected by populations and hybrids in Experiment 2 
Population 
Hybrid Low^ Highl H-L Mean 
B14 X 577 -0.2c 3.8d 4.0 1.8 
P 3510 1.4b 8.6b 7.2 5.0 
X4905A 0.3c 4.5c 4.2 2.4 
336 X 029 1.0b 2.Of 1.0 1.5 
071 X 705 2.8a 11.0a 8.2 6.9 
P 3306 1.6b 4.4c 2.8 3.0 
SX 29 -l.Sd 3. le 4.9 0.6 
XL-45 -0.2c 1. Ig 1.3 0.4 
Mean 0.6 4.8 4.2 2.7 
^Values within a population not followed by the same letter are signi-
ficantly different. 
Table 40. Days to 50% anthesis for the fertile hybrids as affected by pop-
ulations and hybrids in Experiment 2 
Population 
Hybrid Low^ Highl H-L Mean 
B14 X 577 77.7b 76.8cd -0.9 77.2 
P 3510 74.2c 73.5e -0.7 73.8 
X4905A 74. Oc 15.là 1.7 74.9 
336 X 029 70.Od 70. Of 0.0 70.0 
071 X 705 77.1b 78.1bc 1.0 77.6 
P 3306 77.9b 79.5ab 1.6 78.7 
SX 29 80.5a 80. Oa -0.5 80.3 
SX-45 71.Id 69.6f -1.5 70.4 
Mean 75.3 75.4 0.1 75.4 
Values within a population not followed by the same letter are signi­
ficantly different. 
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sterile hybrids as for the fertile hybrids. All of the hybrids had smaller 
tassels for the sterile cytoplasms and the high population compared to 
their counterparts, but the P x H and C x H interactions shown in Table 41 
were significant at the 1% and 5% levels, respectively. Although the 
reduction in tassel D.W. due to male sterility and the high population was 
similar for the mean of hybrids, it was not similar for individual hybrids. 
The tassel weight of the sterile hybrids expressed as a percentage of the 
fertile counterparts ranged from 44% for P 3306 to 74% for P 3305, while 
the D.W. at the high population expressed as a percentage of the low popu­
lation went from 40 to 83% for P 3306 and XL-45, respectively. 071 x 705 
always had the largest tassel D.W. 
Table 41. Tassel dry weight (g) at tassel emergence as affected by popula­
tions, cytoplasms, and hybrids in Experiment 2 
Hybrid 
Cytoplasm S/F 
(%) Mean 
Population H/L 
(%) Fertile Sterile Low High 
B14 X 577 5.2 2.5 .48 3.9 4.9 2.8 .57 
P 3510 5.3 3.9 .74 4.6 6.4 2.8 .44 
X4905A 5.5 3.2 .58 4.4 6.3 2.4 .38 
336 X 029 4.7 2.6 .55 3.7 4.4 2.9 .66 
071 X 705 6.9 4.1 .59 5.5 7.1 3.9 .55 
P 3306 5.9 2.6 .44 4.2 6.0 2.4 .40 
SX 29 5.2 3.2 .62 4.2 5.5 2.9 .53 
XL-45 5.0 3.4 .68 4.2 4.6 3.8 .83 
Mean 5.4 3.2 .59 4.3 5.7 3.0 .53 
The effects of populations and cytoplasms on tassel D.W. at mid-
anthesis was similar to those at tassel emergence. The cytoplasm effect 
was somewhat greater for the later stage of development. The average of 
all hybrids show that the tassels were 1.0 g heavier at the later stage. 
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but this increase varied from -0.1 g for 336 x 029 to 2.0 g for P 3510 and 
SX 29. Much of this difference could be attributed to sampling error, 
especially at the time of anthesis, and/or to the amount of pollen produced. 
All two-way interactions were highly significant. This was true for 
the P X C interaction, even though the differences in response were only 
1%. The results for the other two interactions are shown in Table 42. 
These results show that after pollen production, P 3510 had a larger tassel 
dry weight than did 071 x 705. The range of the response of hybrids to 
populations or cytoplasms was much smaller at this stage of tassel develop­
ment. 
Table 42. Tassel dry weight (g) at anthesis as affected by populations, 
cytoplasms, and hybrids in Experiment 2 
Hybrid 
Cytoplasm S/F 
(%) Mean 
Populat ion H/L 
(%) Fertile Sterile Low High 
B14 X 577 5.7 2.7 47 4.2 4.9 3.5 71 
P 3510 8.8 4.3 49 6.6 9.0 4.1 46 
X4905A 7.1 3.6 51 5.4 7.2 3.5 49 
336 X 029 4.7 2.5 53 3.6 5.0 2.3 46 
071 X 705 8.5 4.0 47 6.3 8.4 4.1 49 
P 3306 6.5 2.9 44 4.7 6.6 2.9 44 
SX 29 8.2 4.1 50 6.2 8.3 4.0 48 
XL-45 7.4 3.5 47 5.4 6.8 4.1 60 
Mean 7.1 3.5 49 5.3 7.0 3-6 51 
Plant and ear height 
Plant height was increased 36 cm by the high population and decreased 
13 cm by male-sterility. Both effects were significant at the 1% level. 
The significant P x C interaction presented in Table 43 shows the greater 
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Table 43. Plant height^ (cm) as affected by populations and cytoplasms in 
Experiment 2 
Population 
Cytoplasm Low High H-L Mean 
Fertile 210 252 42 231 
Sterile 203 234 31 218 
F-S 7 18 11 13 
Mean 207 243 36 
^Data from three replications. 
response of fertile hybrids to population changes and the greater response 
of cytoplasms at the higher population as mentioned earlier. 
Increasing the plant density resulted in ear placement being propor­
tionately higher on the stalk. Male-sterile cytoplasm gave similar results. 
Although the effect of cytoplasms was significant, it is doubtful if the 1% 
difference was of any practical value. P 3306 and SX 29 had the ears 
raised by 10 and 9%, respectively, while the ears of 071 x 705 and XL-45 
were raised by 4% each (Table 44). The P x C interaction was significant. 
Ear-plant height ratio (%) was 47 for the mean of all hybrids. 
LAI 
The carbohydrates for the plant's vegetative and reproductive growth 
comes almost exclusively from the photosynthesis carried on in the leaf 
tissue, therefore, the leaf area (LA) of a plant is very important. The 
mean LAI for the low and high population was 1.02 and 6.34, respectively. 
Since the LAI was calculated on the basis of a given population and the 
85 
Table 44. Plant height^ (cm) and ear-plant height ratio^ (%) as affected 
by populations and hybrids in Experiment 2 
Ear-plant height ratio 
Plant Population 
Hybrid height Low High H-L Mean 
B14 X 577 241 42 47 5 45 
? 3510 215 46 52 6 49 
X4905A 223 46 52 6 49 
336 X 029 219 41 48 7 45 
071 X 705 235 43 47 4 45 
P 3306 236 48 58 10 53 
SX 29 242 46 55 9 51 
XL-45 188 38 42 4 40 
Mean 225 44 50 6 47 
^Data from three replications. 
high population was eight times as large as the low population, the LAI for 
the high population should be eight times as large as that for the low pop­
ulation, less any reduction due to interplant competition. Therefore, the 
interplant competition at the high population reduced LAI by about 22%. 
The P X H interaction shown in Table 45 was highly significant, but none of 
the hybrids changed more than one position in LAI ranking as population was 
increased. The hybrids XL-45 and 336 x 029 had the smallest and P 3306 and 
071 X 705 the largest LAIs for both populations. The hybrids with the 
largest LAI at the low population tended to give the smallest percentage 
increase as plant density was increased. Leaf area and yield at the lower 
population had a low positive correlation value (0.29), whereas LAI with 
yield at high population had a larger and negative correlation (-0.59). 
Leaf area at the low or high population gave a larger positive correlation 
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Table 45- LAI and grain dry weight per unit of leaf area (g/dm ) as 
affected by populations and hybrids in Experiment 2 
Hybrid 
LAI Grain per LA 
Population H/ L 
(%) 
Population L/H 
(%) Low High Low High 
B14 X 577 1.02 6.95 681 3.07 1.07 287 
P 3510 1.00 5.88 588 3.53 1.18 299 
X4905A 0.99 6.01 607 3.96 1.25 317 
336 X 029 0.83 5.71 687 4,76 1.49 319 
071 X 705 1.22 7.38 605 2.92 0.80 365 
P 3306 1.25 7.25 580 3.22 1.02 316 
SX 29 1.03 6.19 601 3.66 1.23 298 
XL-45 0.80 5.33 666 3.79 1.48 256 
Mean 1.02 6.34 622 3.61 1.19 303 
^Data from three replications. 
with barrenness than with grain yield at high population (Table 56). LAI 
and grain yield were negatively correlated at the high population. 
Grain production per unit LA 
Grain production per unit of LA declined as population was increased. 
2 
The value was reduced from 3.61 to 1.19 g/dm as population increased. The 
P X H interaction was significant and is presented in Table 45. It 
appeared that XL-45 and 071 x 705 contributed the most to the interaction. 
XL-45 had the least reduction and 071 x 705 the greatest reduction in grain 
per unit LA as plant density increased. Although 336 x 029 had next to the 
largest decrease in its grain production efficiency, it still ranked with 
XL-45 as the most efficient hybrid at high population. At both plant den­
sities, grain per unit LA was closely related to LAI in a negative manner 
and to barrenness at the high population in a negative manner. 
87 
Potential and relative grain yield 
The potential yield values presented in Table 46 were based on grams of 
2 
grain per dm of LA at the low population and the computed LAI at the high 
population. The potential grain yield of 336 x 029 was considerably larger 
2 
than the other hybrids because its g/dm value was much larger at the lower 
plant density. Even though this hybrid had the largest actual grain yield, 
it was third from the lowest in relative yield due to the large potential 
it expressed. Because of its small LAI at the high population, XL-45 had 
the largest relative yield. Due to its high percent of barrenness, 071 x 
705 was considerably below all of the other hybrids in relative yield. 
Lodging 
The high lodging values found in Table 46 do not show any meaningful 
relationship to actual or relative grain yield. Most of the hybrid effect 
was probably due to 336 x 029 which was totally flattened by the storm. 
Table 46. Potential (kg/ha), actual (kg/ha), and relative (%) grain yield 
and percent lodging at high population in Experiment 2 
Grain yield Lodging 
Hybrid Potential Actual Relative percent 
B14 X 577 21,346 8477 39.9 51 
P 3510 20,589 7991 39.2 51 
X4905A 24,078 8630 35.2 68 
336 X 029 27,063 9993 36.6 100 
071 X 705 21,440 6444 30.4 59 
P 3306 23,190 8531 37.4 48 
SX 29 22,660 8659 38.9 54 
XL-45 20,247 9095 45.6 56 
Mean 22,578 8477 37.9 60 
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Number and weight of second ears 
The hybrids 336 x 029 and P 3306 were essentially two-eared type 
hybrids, and 071 x 705 was a one-eared type hybrid. The remaining five 
hybrids had from 1.47 to 1.80 ears per plant (Table 47). 
The corresponding ear weight ratios show that the second ears were 
usually considerably smaller than the first ears, but the amount of differ­
ence varied with hybrids and was affected by cytoplasms (Table 47). The 
second ears made up 38% of the total number of ears at the low population 
but only 28% of the ear D.W. The response due to cytoplasms varied from a 
reduction in the ear D.W. ratio of -22% for X4905A to 12% for SX 29. 
Table 47. Ear number ratio (%), ear dry weight ratio (%), and number of 
tillers at low population as affected by hybrids and/or cyto­
plasms in Experiment 2 
Ear no. Ear D.W. ratio Tillers/ 
Hybrid ratio Fertile^ Sterile! S-F Mean 15 plants 
B14 X 577 52 21c^ 31b^ 10 26 20 
P 3510 54 30c 37b 7 33 21 
X4905A 79 53b 31b -22 42 2 
336 X 029 101 78a 86a 8 82 13 
071 X 705 2 Od Ic 1 0 1 
P 3306 97 71a 72a 1 71 1 
SX 29 66 20c 32b 12 26 12 
XL-45 47 19c 21b 2 20 2 
Mean 62 37 39 2 38 13 
Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
'LSR = 14 for F-S comparison of each hybrid. 
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Tillers 
There was no close relationship between number of tillers per plant 
and the number of second ears per plant for the hybrids in this experiment. 
Table 47 shows that the hybrids fall into three distinct groups on the 
basis of tiller number. 
Ear and silk length at three stages of development 
It should be pointed out before presenting the ear and silk lengths 
that B14 X 577 at the low population may have higher values than expected. 
For some unknown reason, the tassel remained concealed in a roll of leaves 
until pollen was starting to be shed. Thus the ears and silks were proba­
bly at a more advanced stage of development when sampled than they were for 
the other hybrids. 
An increase in plant density reduced the ear and silk length at both 
the tassel emergence and anthesis stage of plant development. The length 
of the first ear and the corresponding silk length were reduced by 20 and 
53%, respectively, by the higher population at the tassel emergence stage. 
The highly significant P x H interactions for these two characters at the 
tassel emergence stage are presented in Table 48. Three of the hybrids 
(XL-45, 336 x 029, and SX 29) had slightly longer ears at the higher popu­
lation, and the four hybrids which had the longest ears at the high popula­
tion relative to that at the low population had the least barrenness. 
The silk length was affected by populations and hybrids in a manner 
similar to the ear length, but the effects were larger for the silks 
(Table 48). The same three hybrids which had longer ears at the higher 
population also had longer silks at that population. Therefore, it 
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Table 48. Length (mm) of first ear and silk of first ear at tassel emer 
gence as affected by populations and hybrids in Experiment 2 
Ear length Silk length 
Population H/L Population H/L 
Hybrid Low High (%) Low High (%) 
B14 X 577 120 63 53 196 17 9 
P 3510 50 34 68 24 5 21 
X4905A 61 52 85 51 38 74 
336 X 029 60 67 112 41 60 146 
071 X 705 50 32 64 13 6 46 
P 3306 68 43 63 60 13 22 
SX 29 46 50 109 8 26 325 
XL-45 36 48 133 1 21 210 
Mean 61 49 80 49 23 47 
appeared that the more tolerant hybrids reached the reproductive stage 
slightly earlier at the high population than at the low population. The 
silks were 35% longer for the sterile hybrids than for their fertile coun­
terparts. This difference was highly significant. 
The average ear length had increased 61 mm or 100% at the low popula­
tion and 32 mm or 65% at the high population during the tassel emergence to 
anthesis interval. The average ear length at anthesis was 122 and 81 mm at 
the low and high populations, respectively. The 5% longer ears for the 
sterile hybrids was a significant difference. All of the cytoplasm effect 
was at the higher plant density, resulting in a significant P x C interac­
tion. 
Due to the more rapid ear elongation by the hybrids at the lower popu­
lation, ears for all hybrids were longer at this population by the time the 
plants reached anthesis. 336 x 029 and XL-45 still had the longest ears at 
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the high plant density relative to their lengths at the lower population, 
but SX 29 declined to next to the last position in this ranking. The 
lowest was 071 x 705 which had ears twice as long at the low as the high 
population. Male sterility increased ear length of six hybrids; the range 
of response was from -10 to 29%. These two interactions are presented in 
Table 49. The P X H and C x H interactions were significant at the 1 and 
5% level. respectively 
Table 49. Length (mm) of first ear at anthesis as affected by populations. 
cytoplasms. and hybrids in Experiment 2 
Cytoplasm S/F Population H/L 
Hybrid Fertile Sterile (%) Low High (%) 
B14 X 577 112 115 103 136 90 66 
P 3510 69 89 129 94 63 67 
X4905A 92 107 116 119 80 67 
336 X 029 125 128 102 137 116 85 
071 X 705 73 85 116 106 52 49 
P 3306 81 85 105 98 68 69 
SX 29 117 110 94 148 79 53 
XL-45 125 113 90 138 100 72 
Mean 99 104 105 122 81 66 
The P X C X H interaction presented in Table 50 shows that the cyto­
plasm effect on all hybrids, except XL-45, was greater at the higher popu­
lation. The increase by male sterility seemed to be greater for the intol­
erant hybrids. 
The length of the second ear was more than three times as large for 
the low population as for the high population. The response to population 
was different for different hybrids as may be seen in Table 51. There was a 
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Table 50. The effect of the populations x cytoplasms x hybrids interaction 
on length (mm) of first ear at anthesis in Experiment 2 
Low population High population 
Hybrid Fertile ^ Sterile^ S/F (7c) Fertile^ Sterile^ S/F (%) 
B14 X 577 140a^ 132a^ 94 
2 
83b 98ab^ 118 
P 3510 87c 102c 117 51cd 75cd 147 
X4905A 115b 123ab 107 68bc 91bc 134 
336 X 029 136a 138a 101 113a 118a 104 
071 X 705 102bc llObc 108 43d 60d 139 
P 3306 105bc 92c 88 58cd 79bcd 136 
SX 29 155a 141a 91 79b 80bc 101 
XL-45 136a 139a 102 114a 87bc 76 
Mean 
3 
122 
3 
122 100 76^ 86^ 113 
Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
XSR = 18 for F-S comparison of each hybrid within a population. 
LSR = 6 for F-S comparison of cytoplasm means within a population. 
Table 51. Length (mm) of second ear at anthesis as affected by popula­
tions, cytoplasms, and hybrids in Experiment 2 
Cytoplasms S/F Population H/L 
Hybrid Fertile Sterile (%) Low High (%) 
B14 X 577 61 62 106 98 25 26 
P 3510 38 59 155 76 22 29 
X4905A 63 76 121 99 39 39 
336 X 029 76 96 126 117 55 47 
071 X 705 35 40 114 64 11 17 
P 3306 54 57 106 84 27 32 
SX 29 80 73 91 119 34 29 
XL-45 70 80 114 113 37 33 
Mean 60 68 113 96 31 32 
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tendency for the hybrids with the longest second ear (absolute or relative) 
at the high population at anthesis to be the hybrids that produced the 
largest number of harvestable second ears at the low population. The main 
exception to this general trend was XL-45-
The male sterile cytoplasm produced second ears which were 8 ram or 13% 
longer than those of the fertile counterpart. This difference was highly 
significant. The cytoplasm effect was greater at the high population 
(2 vs 63%), and the population effect was greater for the fertile hybrids 
(296 vs 149%), producing a highly significant P x C interaction. The C x H 
interaction shown in Table 51 shows that the response of hybrids to male 
sterility ranged from -9 to 55% for SX 29 and P 3510, respectively. There 
was no indication that the response was associated with the population tol­
erance of the hybrid. The C x H interaction was significant at the 5% 
level. 
Tables 52 and 53 show the treatment effects on silk length of the 
first and second ears, respectively, at the time of anthesis. The silk 
length of the first ear was 219 and 99 mm for the low and high plant densi­
ties, respectively, and 149 and 169 mm for the fertile and sterile cyto­
plasms, respectively. These effects were highly significant, as were the 
interactions of populations and cytoplasms with hybrids. As was expected, 
the relative silk length of the first ear for each hybrid was similar to 
the relative length of the ear itself. Also, the response to population 
change was similar, but the growth of the silks was retarded more than was 
the growth of the ear by the higher population. The effect of cytoplasms 
on each hybrid was similar for both the silk and ear lengths, except the 
male-sterile cytoplasm increased silk length more than ear length (13 vs 
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Table 52. Silk length (mm) of first ear at anthesis as affected by popula­
tions, cytoplasms, and hybrids in Experiment 2 
Cytoplasm S/F Population H/L 
Hybrid Fertile Sterile (%) Low High (%) 
B14 X 577 168 179 107 246 102 41 
P 3510 78 157 201 180 56 31 
X4905A 126 181 143 209 98 47 
336 X 029 225 249 111 259 215 83 
071 X 705 83 116 140 162 38 23 
P 3306 114 112 98 175 51 29 
SX 29 202 188 93 287 104 36 
XL-45 197 168 85 233 132 57 
Mean 149 169 113 219 99 45 
Table 53. Silk length (mm) of second ear at anthesis as affected by popu-
lations, cytoplasms, and hybrids in Experiment 2 
Cytoplasm S/F Population H/L 
Hybrid Fertile Sterile (%) Low High (%) 
B14 X 577 78 73 94 146 4 3 
P 3510 27 64 237 88 3 3 
X4905A 64 105 164 147 23 16 
336 X 029 117 156 133 221 52 24 
071 X 705 26 27 104 53 0 0 
P 3306 63 55 87 116 2 2 
SX 29 112 108 96 214 6 3 
XL-45 94 100 106 187 7 4 
Mean 73 86 118 146 12 8 
5%). It was noted that the silk lengths were greater than the ear lengths 
for all hybrids at the low population and for all hybrids, except 071 x 
705, P 3306, and P 3510, at the high population by PS. These were three of 
the four hybrids with the most barrenness. 
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There were practically no silks on the second ears at the time of PS 
at the high population. The only exception to this was perhaps 336 x 029 
and X4905A with silks 52 and 23 mm long, respectively. The average silk 
length at low population was 146 mm, but the silk lengths for 071 x 705, 
P 3510, and P 3306 were 53, 88, and 116 mm, respectively. The silks were 
13 mm longer for the fertile hybrids when compared with the sterile coun­
terparts. There did not seem to be any pattern to the response to male 
sterility among the hybrids. The cytoplasm effect and the C x H and P x H 
interactions were significant at the 1% level. The silks were 50 mm longer 
than the ears at the low population. 
The effect of hybrids on the length of the first ear and the silk on 
that ear is shown in Table 54 for the high population at one week after PS. 
The hybrids maintained a fairly static relationship or ranking for both ear 
and silk length at the high population from the sampling at TE to the sam­
pling seven days after PS. The two hybrids which changed the most were 
Table 54. Length (mm) of first ear and silk of first ear at seven days 
after mid-anthesis at high population for each of eight hybrids 
in Experiment 2 
Hybrid Ear length Silk length Silk-ear 
P 3306 
SX 29 
XL-45 
P 3510 
X4905A 
336 X 029 
071 X 705 
B14 X 577 159 
119 
131 
176 
105 
124 
144 
139 
249 
211 
246 
276 
193 
226 
266 
238 
90 
92 
115 
100 
88 
102 
122 
99 
Mean 137 238 101 
96 
X4905A and XL-45. The first of these dropped two positions in the ranking 
during this time period, and the latter one was about the same at the end 
as at the beginning but had a two to three position increase at PS for both 
ear and silk length. Therefore, it appeared that much of the difference 
among hybrids in ear or silk length at any stage of development was more 
dependent on the time of initiation of rapid growth than on the growth rate. 
Relationships of grain yield and barrenness at high population with other 
characters measured at either population 
Simple correlations Fewer plant characters measured at the low 
population were significantly correlated with grain yield or barrenness at 
the high population in this experiment as compared to Experiment 1. Some 
of those significant correlations were the same for both types of cytoplasm 
and some were not (Table 55). Second ear length at PS, silk length on sec­
ond ear at PS, ear length ratio at PS, grain per unit LA, first ear D.W., 
and ear number ratio were of the former group. 
The correlation values for characters at the high population show that 
more characters for the male-sterile hybrids were significantly related to 
grain yield and barrenness than -for the fertile hybrids (Table 56). Flower­
ing measurements seemed to be more important for the latter group, whereas 
ear and silk development were more closely related to grain yield for the 
sterile hybrids. Grain yield and barrenness were correlated at the 1% 
level. 
Multiple regressions As might be predicted from a study of the 
correlation coefficients, flowering characters contributed significantly to 
the regression equations with barrenness as the dependent variable (Table 
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Table 55. Simple correlation coefficients (r) for grain yield and barren­
ness at high population with plant characters at low population 
in Experiment 2 
Cytoplasm 
Fertile Sterile 
Grain Barren­ Grain Barren­
Character yield ness yield ness 
S -.12* .60 -.62 .66 
25 to 75% S interval .23 -.19 -.45 .39 
PS to S interval -.51 .72* — — — — 
PS -.52 .32 — -
TE to PS interval -.45 .31 — — 
#1 ear L. 0 TE .10 -.19 -.02 .08 
#2 ear L. (? TE .26 -.35 .23 -.15 
#1 ear L. @ PS .52 -.50 .59 -.33 
#2 ear L. @ PS .74* -.71* .88** -.74* 
#1 ear D.W. g TE .08 -.15 .01 .04 
#2 ear D.W. @ TE .15 -.20 .22 -.15 
#1 ear D.W. @ PS .53 -.42 .44 -.30 
#2 ear D.W. @ PS .67 -.46 .86** -.63 
#1 silk L. (§ TE .14 -.22 -.02 .01 
#2 silk L- (a TE .18 -.24 .16 -.13 
#1 silk L. (? PS .58 -.56 .71 -. 60 
#2 silk L. @ PS .75* -.65 .92** -.77* 
Tassel D.W. @ TE -.76* .63 -.55 .43 
Tassel D.W. @ PS -.67 .43 -.42 .25 
Ear L. ratio @ TE .53 -.51 .54 -.50 
Ear L. ratio @ PS .86** -.82* .66 -. 81* 
Ear D.W. ratio @ TE .17 -. 18 .46 -.54 
Ear D.W. ratio (§ PS .62 -.41 ,88** -. 64 
Silk L. ratio @ TE .27 -.30 .57 -.42 
Silk L. ratio @ PS ,89** -.72* ,70 - .66 
Plant ht. -.46 .38 -.19 -.49 
Ear ht. -.44 .31 -.13 .25 
E-P ht. ratio -.34 .19 -.06 -.02 
LAI -.74* .71 -.65 .67 
Grain/unit LA .83** -.64 .82** -.72* 
#1 ear D.W. -.93** .81* -.70 .77* 
100 seed D.W. -.54 .60 - .44 .82* 
Grain yield .13 .02 .35 -.20 
Ear no. ratio .74* -.63 .82** -.78* 
Ear D.W. ratio .66 -.45 .73* -.65 
No. tillers -.09 -.12 .27 -.28 
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Table 56. Simple correlation coefficients (r) for grain yield and barren­
ness at high population with other plant characters at high pop­
ulation in Experiment 2 
Cytoplasm 
Fertile Sterile 
Grain Barren- Grain Barren-
Character yield ness yield ness 
S - « 86** .71 -.65 .63 
25 to 75% S interval -.94** .90** -.83* .67 
PS to S interval -.92** .83** — 
PS -.54 .38 — — 
TE to PS interval -.82* .62 — — - -
#1 ear L. @ TE .63 -.58 .89** -.72* 
#2 ear L. @ TE .72* -.67 .87** -.81* 
#1 ear L. (? PS .82* -.65 .84** -.70 
#2 ear L. @ PS .80* -.74* .90** -.80* 
#1 ear L. @ PS + 7d .79* -.71 .74* -.58 
#2 ear L. @ PS + 7d .58 -.65 .87** -. 80* 
#1 ear D.W. @ TE .74* -.57 .84** -.59 
#2 ear D.W. @ IE .61 -.58 ,84** -.69 
#1 ear D.W. (? PS .77* -.45 .81* -.58 
#2 ear D.W. @ PS .74* -.57 .80* -.58 
#1 ear D.W. @ PS + 7d .58 -.34 .68 -.38 
#2 ear D.W. @ PS + 7d .34 -.43 .63 -.57 
#1 silk L. @ TE .65 -.53 .80* -.52 
#2 silk L. (? TE -.04 -.14 .87** -.58 
#1 silk L. @ PS .76* -.55 .86** - .64 
#2 silk L. @ PS .69 - .48 .77* -.53 
#1 silk L. @ PS + 7d .83* -.78* .66 -.39 
#2 silk L. (a PS + 7d .45 -. 48 .55 -.44 
Ear L. ratio @ TE .49 -.55 .72* -.81* 
Ear L. ratio @ PS .54 -.62 .84** —.86** 
Ear L. ratio @ PS + 7d .42 -.55 .71 -.73* 
Ear D.W. ratio (? TE .23 -.33 .58 .70 
Ear D.W. ratio @ PS .40 -.51 .66 -.62 
Ear D.W. ratio @ PS + 7d .20 -.36 .28 -.35 
Silk L. ratio @ TE -.04 -.14 .78* -.56 
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Table 56. (Continued) 
Cytoplasm 
Fertile Sterile 
Grain Barren­ Grain Barren­
Character yield ness yield ness 
Silk L. ratio @ PS .64 -.65 .74* -.56 
Silk L. ratio @ PS + 7d .43 -.47 .52 - .44 
Tassel D.W. (3 TE -.33 .59 -.32 .21 
Tassel D.W. 0 PS -.65 .37 -.47 .25 
Plant ht. -.39 .24 -.10 .32 
Ear ht. -.24 .08 -.02 .13 
E-P ht. ratio -. 06 -.04 .04 -.05 
LAI -.72* .77* -.40 .47 
Grain/unit LA .91** -.83* .79* -.76* 
#1 ear D.W. .12 .30 .80* -.37 
100 seed D.W. -. 08 .29 - .64 .82* 
Grain yield 1.00** -.89** 1.00** -.84** 
Potential yield .51 -.17 .71 -.52 
Relative yield .81* -.92** .05 -.16 
Lodging .54 -.35 .46 -.28 
57) . As much as 93% of the variation in barrenness could be predicted by 
two characters, PS to S interval and first ear D.W., and 97% by the charac­
ters, S, PS to S interval and seed size. The former could be determined 
more quickly and measurements for both determinations could be obtained 
without destruction of the plant. It was encouraging to find a common 
character (#1 ear D.W.) contributing significantly to the prediction equa­
tion for barrenness in Experiments 1 and 2. 
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Table 57. Multiple regression models for the fertile hybrids with bar­
renness at high population as the dependent variable and charac­
ters measured at low population as the independent variables. 
Experiment 2 
Independent b value t-value (%) 
S 1.20 4.29** 97** 
PS to S interval 4.55 6.48** 
100 seed D.W. 2.55 5.22** 
S 0.50 1.13 94** 
PS to S interval 4.00 4.29** 
#1 ear D.W. 0.15 3.79** 
S 1.05 2.08 90** 
PS to S interval 4.43 3.62** 
Ear no. ratio -0.13 -2.52* 
S . . 1.64 3.35* 90** 
PS to S interval 4.63 3.78** 
TE to S interval 1.82 2.50* 
PS to S interval 4.05 4.22** 93** 
#1 ear D.W. 0.18 5.25** 
S 1.03 1.36 78 
Ear no. ratio -0.25 -2.68* 
No. tillers -0.70 -1.98 
Unlike Experiment 1, 
explained for grain yield 
in this experiment 
as for barrenness 
as much variation could 
(Table 58). In addition 
be 
to the 
characters used in predicting barrenness, the silk length of the second ear 
contributed significantly when used with #1 ear D.W. to predict grain 
yield. 
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Table 58. Multiple regression models for the fertile hybrids with grain 
yield at high population as the dependent variable and charac^ 
ters measured at low population as the independent variables. 
Experiment 2 
2 
Independent b value t-value R (%) 
PS to S interval -204.32 -3.08* 98** 
#1 ear D.W. -36.70 -10.14** 
100 seed D.W. 215.78 3.13* 
S -87.43 -2.42* 97** 
PS to S interval -239.97 -3.12* 
#1 ear D.W. -23.39 -7.08** 
#2 silk L. @ PS 7.51 4.13** 97** 
#1 ear D.W. -24.11 -8.27** 
#1 ear D.W. -40.39 -7.20** 94** 
100 seed D.W. 259.52 2.34 
PS to S interval -246.98 -2.29 94** 
#1 ear D.W. -27.94 -7.33** 
S -91.69 -1.53 91** 
#I ear D.W. -25.52 -4.76** 
Ear no. ratio -4.44 -0.41 87** 
#I ear D.W. -3.35 -3.64** 
S -173.83 -2.79* 90** 
PS to S interval -304.96 -2.02 
Ear no. ratio 20.02 3.10* 
S -173.04 -2.32 86** 
Ear no. ratio 27.91 3.06* 
No. tillers 46.75 1.32 
102 
Experiment 3, 1969 
Six inbreds were planted on May 16 for this study, but due to poor 
germination and, consequently, poor stand, results from inbred C103 are not 
presented. These six inbreds were the parents of the single-crosses used 
in Experiment 4. 
None of the correlation coefficients presented in Table 75 were signi­
ficant at the 1% level, and only a few were significant at the 5% level. 
This was probably due to the small number of degrees of freedom for the 
test. 
Grain yield 
Populations, inbreds, cytoplasms x inbreds (Cxi), and population x 
inbreds (P x I) were all highly significant, and the population x 
cytoplasms x inbreds (P x C x I) interaction was significant at the 5% 
level. 
The grain yield was three times greater for the higher population 
(5423 vs 1793 kg/ha). Although the effect of male sterility (7% increase) 
w a s  n o t  s i g n i f i c a n t ,  c y t o p l a s m s  i n t e r a c t e d  w i t h  i n b r e d s  t o  g i v e  t h e  C x i  
interaction shown in Table 59. A632 was the highest yielder for both types 
of cytoplasm. There was more than 900 kg/ha difference in some cases 
between the fertile and sterile counterparts. Two sterile inbreds, A619 
and B37, yielded about 14% less than their fertile counterparts, while A632, 
Wf9, and 0h43 responded to male sterility with 6, 27, and 41% increases, 
respectively. 
The P X I interaction for grain yield also is presented in Table 59. 
All inbreds had an increase in yield of at least 134% when plant density 
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Table 59. Grain yield (kg/ha) as affected by populations, cytoplasms, and 
inbreds in Experiment 3 
Cytoplasm S/F Population H/L 
Inbred Fertile Sterile (%) Low High (%) 
A632 4614 4893 106 2449 7058 288 
A619 3596 3143 87 1519 5220 248 
Oh43 2824 3976 141 1402 5399 385 
B37 3533 3010 85 1958 4585 234 
Wf9 2861 3634 127 1640 4854 296 
Mean 3485 3731 107 1793 5423 302 
was increased. Oh43 gave nearly 100% greater response to the population 
increase but still yielded far less than A632 because it had the smallest 
yield at the low population. A632 had much larger yields than any of the 
other inbreds at either population. 
Unlike many of the hybrids, the inbreds responded in the same direc­
tion to male-sterile cytoplasm at both populations. However, the degree of 
response varied among inbreds for the two populations (Table 60). The 
responses were somewhat larger at the higher population for all inbreds 
except A632. 
Barrenness 
These inbreds (except Oh43) had slight barrenness at the low popula­
tion, averaging about one barren plant per 45 plants harvested. Only the 
results for high population are presented in Table 61. The main effect of 
cytoplasms on barrenness was negligible, however, the Cxi interaction was 
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Table 60. The interaction of populations, cytoplasms, and inbreds for 
grain yield (kg/ha) in Experiment 3 
Low population S/F High population S/F 
Inbred Fertile ^ Sterile^ (%) Fertile ^ Sterile^ (%) 
A632 2288a^ 2610a^ 114 6940a^ 7176a^ 103 
A619 1609a 1429ab 89 5583b 4856a 87 
Oh43 1318a 1485ab 113 4330bc 6467b 149 
B37 1979a 1937b 98 5086c 4084bc 80 
Wf9 1472a 1808b 123 4249c 5459c 128 
Mean 1733^ 1854^ 107 5238^ 5609^ 107 
Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
\sR = 901 for F-S comparison of each hybrid within a population. 
3 
LSR = 405 for F-S comparison of cytoplasm means within a population. 
highly significant (Table 61). Three inbreds responded very dramatically 
and significantly to male sterility, with the sterile inbreds Wf9 and 0h43 
having only 49 and 18% as much barrenness and B37 having 76% more barren­
ness than their fertile counterparts. A632 and A619 gave much smaller 
responses and in opposite directions. B37 was the most barren inbred in 
this experiment for both types of cytoplasm. Neither direction nor amount 
of response to male-sterile cytoplasm was related to the amount of barren­
ness expressed in the fertile counterpart. 
Values in Table 75 show that barrenness was not significantly related 
to grain yield, but the correlations were negative and fairly large for 
both the fertile and sterile inbreds. Also, the inbreds were in exactly 
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Table 61. Potential (kg/ha), actual (kg/ha) and relative (%.) grain yield, 
plants per harvest plot, and percent barrenness as affected by 
cytoplasms and/or inbreds in Experiment 3 
Barrenness Plants/ 
Grain yield Cytoplasm S/F harvest 
Inbred Potential Actual Relative Fertile^ Sterile^ (%) plot 
A632 12604 7058 55 4.4c^ 4.9b^ 111 82.0 
A619 10853 5220 51 5.3c 5.0b 94 87.7 
Oh43 7258 5399 60 9.7bc 1.7b 18 81.5 
B37 10950 4585 47 19.6a 34.5a 176 77.5 
Wf9 7214 4854 61 15. Oab 7.4b 49 79.3 
Mean 9776 5423 55 10.8 10.7 99 81.6 
Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
\sR = 7.6 for F-S comparison of each hybrid. 
the reverse order, except for A619 and Oh43 which were very similar when 
ranked from largest to smallest on the basis of grain yield and barrenness. 
Ear dry weight 
The effects of treatments on grain D.W. per ear were the same as for 
grain yield, except the Cxi interaction was significant at only the 5% 
level. The ears weighed only 55% as much at the high population as at the 
low population. This percentage ranged from 45% for A619 to 73% for A632 
(Table 62). The inbreds with the largest ears at low population had a ten­
dency to undergo greater ear weight reduction as population increased. The 
ear D.W. at low population was positively correlated with barrenness but 
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Table 62. Ear dry weight (g) as affected by populations, cytoplasms, and 
hybrids in Experiment 3 
Cytoplasm S/F Population H/L 
Inbred Fertile Sterile (%) Low High (%) 
A632 91 105 115 113 83 73 
A619 100 87 87 129 58 45 
Oh43 82 91 111 109 64 59 
B37 102 104 102 131 74 56 
Wf9 93 100 108 130 63 48 
Mean 93 97 104 123 68 55 
not significantly, whereas the ear D.W. at high population gave no correla­
tion with barrenness (Table 75). 
A619 was the only inbred that had a smaller ear for the sterile ver­
sion. The increases ranged from 2 to 15% for B37 and A632, respectively. 
The P X C X I interaction shown in Table 63 shows that the response of a 
hybrid to male sterility was not always the same for both populations. The 
only inbreds which had significantly different ear sizes due to cytoplasms 
were A632 and A619 with 23% increase and 12% decrease, respectively, at low 
population and Oh43 with a 37% increase at high population. Oh43 and B37 
responded in different directions for the two populations. 
A632 had the highest yield and the largest ear at high population, and 
Wf9 ranked fourth for both characters. Grain yield was correlated with ear 
D.W. and with barrenness to about the same extent, but neither were signi­
ficant (Table 75). 
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Table 63. Interaction of populations, cytoplasms, and inbreds for ear dry 
weight (g) in Experiment 3 
Low population High population 
Inbred Fertile^ Sterile^ S/F (%) Fertile^ Sterile^ S/F (%) 
A632 lOlb^ 124a^ 123 
2 
80a 
2 
86a 108 
A619 138a 121ab 88 61bc 54c 89 
Oh43 110b 108b 98 54c 74ab 137 
B37 128a 135a 105 76ab 72ab 95 
Wf9 125a 134a 107 60bc 66bc 110 
Mean 
3 
120 125^ 104 66^ 70^ 106 
Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
^SR = 14 for F-S comparison of each hybrid within a population. 
O 
LSR = 6 for F-S comparison of cytoplasm means within a population. 
Flowering 
The flowering data is presented in Table 64. Differences in number of 
days to S due to populations were significant at the 5% level, and differ­
ences due to cytoplasms, inbreds, and Cxi interaction were highly signi­
ficant- S was delayed 2.7 days by increasing plant density and 1.7 days by 
the fertile as compared to the sterile counterpart. As measured by number 
of days to S at the low population, A619 was the earliest inbred, silking 
at 73.9 days, followed by A632, Oh43, Wf9, and B37 with 76.9, 78.4, 79.6, 
and 81.9 days, respectively. The response of inbreds to male sterility 
went from a 1.6 day delay for A619 to 4.5 days shortening of the planting 
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Table 64. Days to 50% silking, days from 25 to 75% silking, days from 50% 
anthesis to 50% silking, and days to 50% anthesis as affected by 
cytoplasms and/or inbreds in Experiment 3 
Inbred 
Days to 50% silking 
Cytoplasm 
Fertile Sterile F-S 
Silking 
interval 
Anthesis 
to silking 
interval 
Days to 
mid-
anthesis 
A632 79.7 75.5 4.2 4.7 2.0 77.7 
A619 74.4 76.0 -1.6 4.6 2.2 72.3 
0h43 81.3 76.8 4.5 3.5 4.1 77.2 
B37 84.5 83.6 0.9 3.3 2.5 82.0 
Wf9 81.5 81.1 0.4 3.3 2.4 79.1 
Mean 80.3 78.6 1.7 3.6 2.7 77.7 
to silking interval for Oh43. The response of A632 was similar to 0h43, 
whereas B37 and Wf9 had small decreases. 
Days to S was rather highly correlated with barrenness and with grain 
yield to a lesser extent, at the high population, but the correlation coef­
ficient failed to make significance at the 5% level (Table 75). 
The only treatment that affected the 25 to 75% silking interval signi­
ficantly was inbreds. The inbreds divided into basically two groups, Oh43, 
B37, and Wf9 with a silking interval of about 3.4 days, and A632 and A619 
with about a 4.7 day silking interval. The anthesis to silking interval 
did not respond significantly to any treatment. 
The number of days to PS was affected by inbreds at the 1% level and 
in the same way as was days to S at the low population. The correlations 
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between days to S and days to PS were 0.88 and 0.85 for low and high popu­
lation, respectively. 
Tassel dry weight 
At TE, the tassels of fertile inbreds weighed 4.0 g and those of the 
sterile inbreds 2.6 g. This difference was highly significant. Oh43 had 
the largest tassel (4.3 g) and A632 the smallest tassel (2.4 g) at this 
stage of development. The tassel D.W.s are presented in Table 65. 
Table 65. Tassel dry weight (g) at tassel emergence and anthesis as 
affected by inbreds and/or populations and cytoplasms in Experi­
ment 3 
At anthesis 
Inbred 
At tassel 
emergence 
Cytoplasm S/F 
(%) 
Population H/L 
(%) Fertile Sterile Low High 
A632 2.4 2.9 1.5 52 2.7 1.7 63 
A619 3.6 6.1 2.7 44 5.4 3.4 63 
Oh43 4.3 8.3 3.1 37 7.4 4.0 54 
B37 2.8 2.3 1.5 65 2.4 1.4 58 
Wf9 3.5 5.5 2.5 45 5.2 2.8 54 
Mean 3.3 5.0 2.3 46 4.6 2.7 59 
All main effects and two-way interactions were highly significant for 
tassel D.W. at anthesis. The sterile tassels weighed only 46% as much as 
the fertile tassels at anthesis. The difference between the weight of the 
fertile and sterile tassels increased from 1.4 g at TE to 2.7 g at PS. 
Even though the tassel D.W. for Oh43 had the greatest reduction in response 
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to male sterility, it still had the largest sterile tassel. A632 and B37 
had the smallest tassels for both cytoplasmic types and had the smallest 
D.W. reduction for male sterility. The reduction in tassel D.W. at PS due 
to increased plant density was not related to the weight of the fertile 
tassels and was somewhat less than that due to male sterility. Tassel D.W. 
at either stage of development was not closely correlated to grain yield or 
barrenness. 
Plant and ear height 
Plant height increased 28 cm when plant density was increased. This 
response was highly significant. All inbreds were taller at the higher 
population, but Wf9 was only 11% taller, while 0h43 was 29% taller. The 
relative height of the five inbreds remained basically the same for both 
populations. The P x I interaction was significant and is presented in 
Table 66, as is the effect of inbreds on the ear-plant height ratio. 
The ears were located 39 and 43% of the way up the plant for the low 
and high population, respectively. The inbreds varied considerably for 
this character as can be noted by comparing A619 (31%) and B37 (49%). 
Effects of populations and inbreds on relative ear height were highly sig­
nificant. 
LAI and grain per unit LA 
The LAI and grain production per unit LA values presented in Table 67 
are for the fertile hybrids only. The effects of populations, inbreds, and 
P X I interaction were all highly significant for both characters. 
The five inbreds averaged 0.64 and 4.17 LAI for the low and high plant 
densities, respectively. The LAI for A632, 0h43, and B37 all increased 
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Table 66. Plant height (cm) and ear-plant height ratio (%) as affected by 
inbreds and/or populations in Experiment 3 
Plant height 
Population H/L Ear-plant 
Inbred Low High (%) height ratio 
A632 173 203 117 43 
A619 128 152 119 31 
Oh43 128 165 129 37 
B37 175 210 120 49 
Wf9 164 182 111 45 
Mean 154 182 118 41 
Table 67. LAI^ and grain per unit 
lations and inbreds in 
leaf area^ 
Experiment 3 
2 (g/dm ) as affected by popu-
LAI Grain D.W. per unit L.A. 
Populat ion H/L Population H/L 
Inbred Low High (%) Low High (%) 
A632 0.63 4.10 651 3.07 1. 47 48 
A619 0.45 3.59 798 3.02 1. 27 42 
Oh43 0.54 3.49 646 2.08 1. 12 54 
B37 0.73 4.79 656 2.28 1. 02 45 
Wf9 0.85 4.87 573 1.48 0. 83 56 
Mean 0.64 4.17 652 2.38 1. 14 48 
^Data for fertile hybrids only. 
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about 650% while Wf9 and A619 increased 573 and 798%, respectively, as the 
population increased, Wf9 had the largest LAI at both populations, and 
A619 had the smallest LAI at low population and was not much different than 
the lowest (Oh43) at high population. A619 did not express interplant com­
petition for LAI at the higher plant density, since it was approximately 
800% greater than for the low plant density. 
Average grain production per unit LA was 2.38 g for the low population 
and 1.14 g or 52% less for the high population. The inbreds could be 
easily divided into three groups on the basis of grain production per unit 
of LA at the low population. A632 and A619 produced about 3.05, Oh43 and 
2 
B37 about 2.18, and Wf9 1.48 g per dm . This relationship did not hold at 
the higher plant density, consequently the P x I interaction was highly 
2 
significant. The ranking from highest to lowest g per dm values was the 
same as given above but in a stair-step fashion for each inbred, ranging 
2 
from 1.47 to 0.83 g per dm . 
The correlation coefficients between LAI and grain per unit of LA were 
-0.69, -0.35, -0.59, and -0.70, respectively, for fertile and sterile 
inbreds of low and high population. 
Potential and relative grain yield 
Since the potential and relative grain yields depended on LAI and LAI 
was determined only for the fertile inbreds, the values presented in Table 
61 are only for the fertile inbreds. 
No treatment effects were significant for relative grain yield, and 
only the main effect of inbreds was significant (at the 1% level) for 
potential grain yield. The five inbreds can be easily divided into three 
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groups on the basis of potential grain yield with A632 having 12,604, A619 
and B37 having about 10,900, and Oh43 and Wf9 having about 7,230 kg/ha as a 
potential yield. A632 had the largest potential yield due to its large 
grain per unit LA value and a medium LAI value, whereas Wf9 had a small 
potential yield due to its low grain per unit LA value. The potential 
yield seemed to depend mostly on the LAI for some inbreds and mostly on the 
grain per unit LA for other inbreds, however, the correlation between 
potential yield and grain per unit LA was 0.86. 
Plants per harvest plot 
A619 had 2.7 plants more than desired, while the other four inbreds 
all had less than the desired 85 plants per harvest plot (Table 61). The 
effect of inbreds was highly significant. The correlation values between 
plants per harvest plot and barrenness were -0.89 and -0.60 for the fertile 
and sterile inbreds, respectively. Overall the harvested stand was 96% of 
the desired stand. 
Lodging 
The lodging values may be seen in Appendix Table 107. Replications 
were the only significant effect for lodging. Replications were expected 
to have a large effect due to the direction of the severe storm on Septem­
ber 6 and the pattern the experiments formed by the low and high popula­
tions . 
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Relative number and size o£ second ears 
The effect of cytoplasms was not significant, whereas the effect of 
inbreds and I x C interaction were both highly significant for ear number 
ratio and ear D.W. ratio. These interactions are presented in Table 68. 
Table 68. Ear number ratio (%) and ear dry weight ratio (%) as affected by 
cytoplasms and inbreds in Experiment 3 
Inbred 
Ear no. ratio Ear D.W. ratio 
Cytoplasms S/F 
(%) 
Cytoplasms S/F 
(%) Fertile^ Sterile^ Fertile Sterile^ 
A632 llla^ 102a^ 92 97a^ 80a^ 82 
A619 11c 6d 55 2c 3c 150 
Oh43 15c 57b 380 3c 17b 567 
B37 66b 55b 83 37b 27b 73 
Wf9 15c 31c 207 5c 18b 360 
Mean 44 50 114 29 29 100 
^Values within a cytoplasm not followed by the same letter are signi­
ficantly different. 
^SR = 17 for F-S comparison of each hybrid. 
3 
LSR = 12 for F-S comparison of each hybrid. 
A632 was the only inbred that produced two ears per plant for either 
type of cytoplasm. Oh43 was the only inbred to give a significant response 
to male sterility (42% more second ears for the sterile inbreds). The fer­
tile counterparts of Oh43, Wf9, and A619 had essentially no second ears, 
whereas B37 had second ears on 66% of the plants. 
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The ear D.W. ratios followed a pattern similar to that of ear number 
ratios, except that A632, 0h43, and Wf9 each gave a response to the male-
sterile cytoplasm which was significant at the 5% level. There were 47% as 
many second ears as first ears, but these second ears constituted only 29% 
of the yield. 
Tillers 
There were no significant treatment effects on tiller number. As can 
be seen in Appendix Table 107, in general tillers were practically nonexis­
tent. 
Ear and silk size at tassel emergence and anthesis 
The degree of relationship between the measurements taken on the first 
and second ears and their silks, at TE and PS with grain yield or barren­
ness at the high population, was not as good as it was for most of the 
hybrids. In accordance with the decision not to present the ear D.W.s of 
the hybrids, the ear D.W. values for the inbreds will be presented only in 
Appendix Table 107. Several of the ear and silk length determinations 
were somewhat arbitrarily chosen to be presented in this section. 
The length of the first ear at TE was affected by inbreds at the 1% 
level and by the P x I interaction at the 5% level, whereas the correspond­
ing silk lengths were affected by inbreds and the P x I interaction at the 
5% level and at the 1% level by populations. These interactions are 
presented in Table 69. The ears for A632 and B37 were essentially the same 
length and were about 2.5 times longer than those for the other three 
inbreds at the low population. At the high population, B37 still had the 
longest ears, but those for A632 were reduced 27%. B37 and Wf9 were 
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Tabic 69. Length (mm) of first ear and silk on 
emergence as affected by populations 
the first ear at tassel 
and inbreds in Experiment 3 
Ear length Silk length 
Population H/L Population H/L 
Inbred Low High (%) Low High (%) 
A632 79 58 73 64 24 38 
A619 28 42 150 1 7 700 
Oh43 29 36 124 5 3 60 
B37 82 71 87 95 29 31 
Wf9 38 35 92 19 4 21 
Mean 51 48 94 37 13 35 
reduced about 10%, whereas A619 and Oh43 increased 50 and 24%, respectively, 
when the plant density was increased. The results of the P x I interaction 
for silk length were very similar to those for ear length. Silks on A619, 
Oh43, and Wf9 were essentially nonexistent at this stage. The silk lengths 
averaged 37 and 13 mm for the low and high populations, respectively. 
Ear length and silk length ratios are presented in Table 70 for the 
P X I interaction. This interaction was highly significant for the ear 
length ratio but nonsignificant for the silk length ratio. The first and 
second ears were the same length at the low population at the TE stage for 
A632. The second ear for the other four inbreds was 75 to 86% as long as 
the first ear at the low population. All inbreds had much smaller ear 
length ratios at the higher plant density, ranging from a ratio of 59 for 
A632 to 31 for A619. The correlation values between the ear length ratio 
at TE at the low population and the number of harvestable second ears were 
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Table 70. Ear length ratio (%) and silk length ratio (%) at tassel emer­
gence as affected by populations and inbreds in Experiment 3 
Ear length ratio Silk length ratio 
Inbred 
Population 
L-H 
Population 
L-H Low High Low High 
A632 100 59 41 100 4 96 
A619 86 31 55 0 2 -2 
0h43 75 37 38 0 7 -7 
B37 79 53 26 52 4 48 
Wf9 81 54 27 26 0 26 
Mean 84 47 37 36 3 33 
0.71 and 0.58 for the fertile and sterile counterparts, respectively. The 
ear length ratio was reduced from 84 to 47%, while the silk length ratio 
was reduced from 36 to 3% by increasing the plant density. There were 
essentially no silks on any of the inbreds at the high population and none 
on A619 or Oh43 at the low population. 
By the PS stage, the length of the first ears had reached 128 and 92 
mm for the low and high plant densities, respectively. This difference due 
to populations was highly significant, whereas the effects of cytoplasms, 
inbreds, and the Cxi and P x C x I interactions on length of the first 
ear were significant only at the 5% level. The results of the Cxi inter­
action are shown in Table 71. The average length of the first ears for the 
sterile inbreds was 14 mm (14%) longer than for the fertile versions, how­
ever, the first ear of A632 was 24 mm (18%) shorter for the male-sterile 
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Table 71. Length (ram) of first ear and silk on the first ear at anthesis 
as affected by cytoplasms and inbreds in Experiment 3 
Ear length Silk length 
Inbred Fertile Sterile S/F (7c) Fertile Sterile S/F (7,) 
A632 135 111 82 236 173 73 
A619 107 126 118 166 190 114 
0h43 97 139 143 151 232 154 
B37 99 100 101 152 153 101 
Wf9 77 107 139 125 181 145 
Mean 103 117 114 166 186 112 
version. Male sterility did not affect the ear length of B37 but increased 
it for A619, Wf9, and Oh43. 
The P X C X I interaction for the first ear at PS is presented in 
Table 72. As with the hybrids, in general the effect of cytoplasms was 
greater at the higher population, and the effect of populations was greater 
for the normal cytoplasm. Another important point brought out in this 
table is that male sterility increased the first ear length at the high 
plant density, even though it greatly reduced it at the lower plant density. 
Populations and the Cxi interaction both had a significant effect on 
silk length of the first ear. The silks were 90 mm longer at the lower 
population. The Cxi and P x C x I interactions for silk length were very 
similar to the comparable interactions for ear length (Tables 71 and 73). 
The only treatment effects that were significant for the length of the 
second ear or its silk length at PS were populations and cytoplasms, which 
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Table 72. Length (mm) 
cytoplasms. 
of first ear at anthesis as 
and inbreds in Experiment 3 
affected by populations. 
Low population High population 
Inbred Fertile Sterile S/F (%) Fertile Sterile S/F (%) 
A632 176 102 58 95 119 125 
A619 119 133 112 95 118 124 
0h43 123 156 127 70 122 174 
B37 115 123 107 83 77 93 
Wf9 93 138 148 62 76 123 
Mean 125 130 104 81 103 127 
Table 73. Length (mm) 
populations. 
of silk on 
cytoplasms 
the first ear at anthesis as affected by 
, and inbreds in Experiment 3 
Low population High population 
Inbred Fertile Sterile S/F (%) Fertile Sterile S/F (%) 
A632 332 150 45 141 195 138 
A619 196 193 98 137 186 136 
0h43 196 258 132 106 206 194 
B37 207 218 105 97 87 90 
Wf9 195 264 135 55 97 176 
Mean 225 217 96 107 154 144 
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were significant at the 1 and 5% level, respectively. Length of the second 
ear was reduced by 49 mm (95 vs 46 mm) as population was increased and 
increased by 17 mm (61 vs 78 mm) when male sterility was used. The results 
for silk length of the second ear were similar for the comparable treat­
ments, with an increase in population reducing the silk length from 148 to 
32 mm and the use of male-sterile cytoplasm increasing silk length from 72 
to 108 mm. As noted for the hybrids, the effects of populations and cyto­
plasms on the inbreds were greater for silk lengths than for ear lengths. 
Relationships of grain yield and barrenness at high population with other 
characters measured at either population 
Simple correlations Very few correlation coefficients between 
characters measured at either population and grain yield or barrenness were 
significant (Tables 74 and 75). This was not due to extremely low correla­
tion values but rather due to the small number of degrees of freedom for 
the test. There were some extreme differences in correlation coefficients 
due to the type of cytoplasm. The flowering characters were somewhat vari­
able in the relationship with grain yield and barrenness, but there were 
some fairly high correlations. A number of the ear and silk measurements 
at the mid-season samplings had high correlation coefficients but again the 
results were variable across populations and cytoplasms. The correlation 
between D.W. of the first ear at maturity and grain yield or barrenness was 
disappointingly small. The correlation between grain yield and barrenness 
was small, also (r = -.61). 
Multiple regressions The largest coefficients of determination in 
this study were found in this experiment. Virtually all of the variation 
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Table 74. Simple correlation coefficients (r) for grain yield and barren­
ness at high population with plant characters at low population 
in Experiment 3 
Cytoplasm 
Fertile Sterile 
Grain Barren­ Grain Barren 
Character yield ness yield ness 
S -.30 .73 -.58 .79 
25 to 75% S interval .43 -.83 .44 -.55 
PS to S interval -.49 -.19 -.77 .13 
PS -.19 .76 
PS interval .65 -.96* — — 
TE to S interval -.51 -.37 .13 -.69 
#1 ear L. @ TE .47 .37 .03 .59 
#2 ear L. 0 TE .66 .13 .13 .48 
#1 ear L. @ PS .88 -.64 -.15 -.26 
#2 ear L. (? PS .86 -.23 .78 -.73 
#1 ear D.W. (? TE .33 .53 -.14 .73 
#2 ear D.W. & TE .76 -.05 .00 .61 
#1 ear D.W. @ PS -.04 .00 -.04 -.30 
#2 ear D.W. (? PS .82 -.13 -.36 -.04 
#1 silk L. @ TE .43 .44 -.22 .81 
#2 silk L. @ TE .72 .04 .06 .57 
#1 silk L. @ PS .88 -.50 -.26 .01 
#2 silk L. (a PS .94* -.37 .97** -.81 
Tassel D.W. @ TE - .46 -.42 .28 .28 
Tassel D.W. (? PS -.61 -.24 .22 .22 
Ear L. ratio @ TE .90* -.56 .65 .65 
Ear L. ratio @ PS .10 .74 .65 .65 
Ear D.W. ratio @ TE .90* -.60 .05 .37 
Ear D.W. ratio @ PS .86 -.23 - .68 .18 
Silk L. ratio @ TE .74 -. 08 .33 .28 
Silk L. ratio @ PS .77 .00 .79 -.43 
Plant ht. .29 .50 -.03 .52 
Ear ht. .07 .67 -.16 .62 
E.-P. ht. ratio .23 .76 -.21 .64 
LAI • -.29 .71 — 
Grain/unit LA .87 -.71 — •— — — 
#1 ear D.W. -.36 .33 -.54 .65 
Ear no. ratio .80 -.13 .65 .04 
Ear D.W. ratio .85 -.27 .63 -.02 
No. tillers -.23 -.47 .68 -.31 
Grain yield .86 -.13 .46 .14 
Barrenness -.23 .61 -.96* .77 
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Table 75. Simple correlation coefficients (r) for grain yield and barren­
ness at high population with other plant characters at high pop­
ulation in Experiment 3 
Cytoplasm 
Fertile Sterile 
Grain Barren­ Grain Barren 
Character yield ness yield ness 
S -.40 .85 -.77 .84 
25 to 75% S interval .63 -.33 .53 -.64 
PS to S interval -. 68 .38 — — — — 
PS -.27 .85 — - — -
PS interval -.85 .75 — -
TE to S interval -.77 .10 - -
#1 ear L. (? TE .45 .40 -.29 .75 
#2 ear L. 0 IE .79 -.18 .39 .24 
#1 ear L. @ PS .87 -.56 .63 -.69 
#2 ear L. @ PS .68 -.32 .25 -.26 
#1 ear D.W. @ TE .93* -.43 -.41 .82 
#2 ear D.W. @ TE .93* -.45 -.51 .96* 
#1 ear D.W. (? PS .77 -.52 .17 -.54 
#2 ear D.W. (? PS .49 -.02 -.42 -.01 
#1 silk L. @ TE .82 -.11 -.55 .94* 
#2 silk L. @ TE — — — — — — — •— 
#1 silk L. @ PS .80 -.77 .69 -.74 
#2 silk L. @ PS .42 -.41 -.03 -.29 
Tassel D.W. @ TE -.31 -.54 .09 -. 66 
Tassel D.W. (g PS -.52 -.36 -.24 -.38 
Ear L. ratio (? TE .18 . 66 .57 -.19 
Ear L. ratio (? PS .44 -.02 -.43 .73 
Ear D.W. ratio (§ TE .71 -.18 - .48 .95* 
Ear D.W. ratio @ PS .25 .53 -.73 .72 
Silk L. ratio @ TE -.32 -.33 -.11 .71 
Silk L. ratio @ PS .60 -.61 -.18 .00 
Plant ht. .34 .46 -.01 . 66 
Ear ht. .09 .67 -.11 .71 
E.-P. ht. ratio -.13 .78 -.10 .66 
LAI -.17 .76 — — ^ 
Grain/unit LA .89* -.82 — — — — 
Potential yield .92* -.35 - -
Relative yield -.38 -.23 — - — -
#1 ear D.W. .76 .05 .64 .06 
Grain yield 1.00** -.61 1.00** -.73 
Lodging .91* -. 68 .61 -.37 
No. plants .49 -.89* -.05 -.60 
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in barrenness was predicted by any of several groups of characters with a 
maximum of three independent variables per group (Table 76). 
The 50 to 15% S interval contributed much more to the regression equa­
tions in this experiment than did the 25 to 75% S interval. The number of 
days to S and the PS to S interval were two other measurements evaluating 
silk production that contributed significantly. 
Table 76. Multiple regression models with barrenness at high population as 
the dependent variable and characters measured at low population 
as the independent variables in Experiment 3 
Independent b value t value (%) 
S 2.03 25.70** 99.7** 
#1 ear D.W. 0.33 18.58** 
S 2.04 26.57** 99.9** 
#1 ear D.W. 0.32 15.72** 
Ear no. ratio -0.01 -1.07 
25 to 75% S interval -10.57 -4.32* 96.6** 
PS to S interval 11.30 2.82* 
#2 silk L. @ PS 0.12 2.28 
S 1.06 3.44* 95.5** 
25 to 75% S interval -3.72 -4.33* 
50 to 75% S interval -13.48 -21.93** 99.6** 
PS to S interval 3.17 7.52** 
S 0.96 5.85** 99.4** 
25 to 75% S interval -4.55 -8.33** 
PS to S interval 1.99 2.57 
50 to 75% S interval -17.15 -12.01** 99.6** 
Ear D.W. ratio @ PS 0.20 3.80* 
Tassel D.W. 0 PS 1.95 5.01** 
50 to 75% S interval -24.04 -7.87** 99.6** 
#2 silk L. @ PS 0.16 3.84* 
Tassel D.W. @ PS 3.64 4.50* 
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In two of the prediction equations, tassel D.W. @ PS was of value. 
It was expected that tassel D.W- might not be as important a factor for 
inbreds as for hybrids since the interplant competition was not as great. 
Although the correlation between the first ear D.W. at low population 
and barrenness or grain yield was small and nonsignificant, when used in a 
regression equation with days to S, its contribution was highly significant. 
These two characters together predict 99.7% of the variation of barrenness. 
Either a combination of days to S and first ear D.W. or the 50 to 75% S 
interval and the PS to S interval would predict essentially all of the bar­
renness and would be nondestructive measurements. The latter combination 
would permit the prediction to be made earlier. 
As noted earlier, the correlation between barrenness and grain yield 
at the high population was practically nonexistent for the fertile hybrids. 
Ear number ratio did not contribute significantly to the prediction equa­
tion for barrenness but was of great value for predicting grain yield 
(Table 77). Conversely, D.W. of the first ear was important in predicting 
barrenness but not grain yield. Ear number ratio and first ear D.W. were 
correlated (r = -.59) but not significantly. Characters which were impor­
tant in the regression models for both barrenness and grain yield included: 
days to S, 50 to 75% S interval, tassel D.W. at PS, and silk length on the 
second ear at PS. 
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Table 77. Multiple regression models with grain yield at high population 
as the dependent variable and characters measured at low popula­
tion as the independent variables in Experiment 3 
2 
Independent b value t-value R (%) 
Ear no. ratio 
50 to 75% S interval 
Tassel D.W. @ PS 
25 to 75% S interval 
Tassel D.W. @ PS 
50 to 75% S interval 
#2 silk L. @ PS 
PS to S interval 
Grain/unit LA 
Ear no. ratio 
25 to 75% S interval 
#2 silk L. @ PS 
PS to S interval 
-212.35 
25.06 
1780.98 
-363.09 
687.74 
-304.83 
943.66 
13.44 
-540.68 
1037.69 
12.11 
667.42 
6.86  
-985.33 
-28.84** 
45.80** 
7.98** 
-9.33** 
2.55 
-3.01* 
3.60* 
4.95** 
-2.61 
3.17* 
2.45 
1.92 
0.92 
-1.73 
99.9** 
98.1** 
85.3** 
99.2** 
94.0** 
97.6** 
Experiment 4, 1969 
The hybrids used in this experiment were the result of using the five 
inbreds used in the previous experiment, plus the inbred C103, in making 
all possible single-cross combinations. This resulted in 15 single-cross 
hybrids, which were planted at two plant densities on May 16, 1969. The 
hybrid C103 x B37 only produced about 60% of the desired stand level at the 
high population. The values for this hybrid have been left in all the 
tables, but it must be kept in mind what affect this might have on the var­
ious characters measured. All correlation and regression values are based 
on the 14 hybrids, excluding C103 x B37. 
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Since the P x H interaction was often significant and the effect of 
populations so great, the main effect of hybrids will usually be ignored, 
even though it may have been significant. 
Grain yield 
The grain yield data for each of the 15 hybrids at each population and 
the corresponding yield components are presented in Table 78. All treat­
ment effects were highly significant for grain yield. Increasing the plant 
density increased the average grain yield by 109%. The percent of increase 
ranged from 204 to only 52 for Oh43 x A619 and C103 x Oh43, respectively. 
Table 78. Grain yield (kg/ha), ear dry weight (g), and percent barrenness 
as affected by populations and/or hybrids in Experiment 4 
Grain yield Ear D.W. Percent 
Population H/L Population H/L barren 
Hybrid Low High (%) Low High (%) stalks 
A619 x A632 4027 10126 251 254 119 46.7 8.7 
Oh43 X A632 4094 9457 230 226 117 51.8 11.1 
B37 X A632 4872 9949 204 237 115 48.5 6.8 
Wf9 X A632 5166 8508 165 273 104 38.1 9.6 
C103 X A632 5113 8713 170 250 121 48.4 18.0 
Oh43 X A619 2293 6963 304 174 85 48.9 6.7 
B37 X A619 4575 9599 210 290 124 42.8 9.0 
Wf9 X A619 3533 9480 268 302 116 38.4 8.2 
0103 X A619 4023 7808 194 317 107 33.8 16.2 
B37 X Oh43 4698 9741 207 260 117 45.0 6.6 
Wf9 X Oh43 3909 9126 233 270 106 39.3 6.0 
C103 X Oh43 3794 5763 152 324 107 33.0 40.6 
Wf9 X B37 4987 8341 167 287 105 36.6 14.0 
C103 X B37 3745 9165 245 240 164 68.3 1.9 
C103 X Wf9 3566 7458 209 305 116 38.0 28.0 
Mean 4160 8680 209 267 115 43.1 12.7 
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Although ()h43 x A619 had the largest percent increase, this was not the 
largest absolute increase, and the hybrid was lowest at the low population 
and next to the lowest at the high population. The lowest yielding hybrid 
at the higher population was C103 x Oh43. This hybrid was the main excep­
tion to the general trend that hybrids with the lowest yields at the low 
population gave the largest response to an increase in plant density. 
Grain yields ranged from 2,293 kg/ha for Oh43 x A619 to 5,166 kg/ha 
for Wf9 X A632 at the low population and from 5,673 to 10,126 kg/ha for 
C103 X Oh43 and A619 x A632, respectively, at the high population. In gen­
eral, those hybrids which had B37 or A632 as a parent gave the largest 
yields at both populations, while those hybrids which had A619 or Oh43 as a 
parent produced the smallest yields at the low population, and those which 
had C103 or Oh43 as parents produced the smallest yields at the high popu­
lation. These results agree well with those expected from the inbreds in 
Experiment 3, except for Oh43 at the high population and A619 at the low 
population. 
Barrenness 
The correlation coefficient (-0.76) between grain yield and barrenness 
was highly significant. The effect of hybrids on barrenness was highly 
significant. The percent of barrenness for each hybrid is presented in 
Table 78. The range of barrenness among hybrids was from 6.0 to 40.6% for 
Wf9 X Oh43 and C103 x 0h43, respectively. These results were unexpected, 
since Oh43 was a common parent and Wf9 and C103 are both parents of the 
commonly very intolerant Wf9 x C103. Also, the barrenness value for C103 x 
Oh43 would not have been expected from the values of the other single-
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crosses having CI03 or Oh43 as parents because they averaged only 20.7 and 
7.6% barrenness, respectively. 
The results reported here for hybrids with Oh43, B37, or Wf9 as parents 
do not agree very well with those reported for the respective inbreds in 
Experiment 3, where these three fertile inbreds averaged 9.7, 19.6, and 
15.07o barrenness, respectively. 
In general, however, hybrids with C103 as a parent had the greatest 
barrenness, and those with 0h43 and Wf9 had the next highest barrenness 
values. The average for those three were 25.7, 14.2, and 13.2%, respec­
tively. Hybrids containing B37 averaged 9.1% barrenness, and those with 
A619 and A632 were only slightly more barren. 
Ear and kernel dry weight 
The other yield component measured was ear D.W. All treatment effects 
were highly significant. The values for the two populations and for the 
P X H interaction are presented in Table 78. The ear D.W.s were only 43% 
as large for the high as for the low plant density. But the. amount of 
reduction in ear size was not uniform for all hybrids. C103 x 0h43 gave 
the greatest reduction (67%) in response to increasing population. It is 
no wonder this hybrid gave the smallest relative yield increase when plant 
density was increased, because ear size was reduced the most and percent 
barrenness was the highest. A 48% reduction in ear D.W. was recorded for 
Oh43 and A632, and this was the smallest reduction in response to a popula­
tion increase. There appeared to be a high positive correlation between 
the ear D.W. at the low population and the relative response of ear D.W. to 
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a population increase. The range of ear D.W.s at the lower population 
(150 g) was much larger than for the high population (39 g). 
If an average value of each inbred used in each single-cross is com­
puted, it can be seen that those hybrids which contained C103, and to a 
lesser extent Wf9, produced the largest ears at the low population and had 
the largest reduction in size in response to a population increase. Those 
with A632 and 0h43 produced the smallest ears at the low plant density but 
had the smallest reduction in ear size when the population was increased. 
The inbred C103 was dropped from Experiment 3, but the inbreds Wf9, A632, 
and Oh43 performed similar to the above description. Ear D.W. for the 14 
hybrids at the low population was significantly correlated with barrenness 
but not grain yield, while the reverse was true at the high population 
(Table 88). 
100 seed weight 
Ear D.W. is composed of seed weight and seed number per ear. The D.W. 
per 100 seed was determined only for the low population. The effect of 
hybrids on seed weight shown in Table 85 was highly significant. The range 
of seed weights was from 22.9 g for Oh43 x A619 to 32.6 g for C103 x A632. 
The hybrids having C103 or Wf9 as a parent produced the largest and smallest 
seed, respectively. The correlation coefficient between the ear and seed 
D.W. at the low population did not reach significance at the 5% level. 
Therefore, the ear D.W. must have been more dependent on kernel number than 
kernel weight. 
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Flowering 
Ail treatment effects were highly significant for days to S, 25 to 75% 
silking interval, and the PS to S interval. Days to S was delayed 5.8 days 
by increasing the plant density. There was only a 2.8 day delay for Oh43 x 
A632 but an 11.6 day delay for C103 x Oh43, which was 2.8 days more than 
the next largest delay (Table 79). It appeared that the factor related to 
this large delay was more associated with C103 than Oh43, since the 
hybrids with C103 as a parent expressed an average of 8.4 days delay, and 
those with Oh43 as a parent expressed only 5.8 days delay in S when the 
population was increased. The single-crosses with A632 showed the least 
Table 79. Days to 50% silking and days from 25 to 75% silking as affected 
by populations and hybrids in Experiment 4 
Hybrid 
Days to silking Silking interval 
Populat ion 
H-L 
Population 
H-L Low High Low High 
A6I9 X A632 70.1 73.7 3.6 3.0 5.3 2.3 
Oh43 X A632 74.3 77.1 2.8 2.6 5.7 3.1 
B37 X A632 74.3 80.9 6.6 1.7 5.3 3.6 
Wf9 X A632 74.5 79.9 5.4 1.5 7.5 6.0 
C103 X A632 75.9 82.1 6-2 2.4 6.1 3.7 
Oh43 X A619 76.4 81.6 5.2 2.3 4.9 2.6 
B37 X A619 71.2 77.5 6.3 2.3 4.9 2.6 
Wf9 X A619 70.7 78.1 7.4 2.7 6.5 3.8 
C103 X A619 72.2 81.0 8.8 2.3 6.7 4.4 
B37 X Oh43 74.7 79.8 5.1 1.4 3.6 2.2 
Wf9 X Oh43 73.7 77.9 4.2 3.5 6.3 2.8 
CI03 X Oh43 75.1 86.7 11.6 2.1 10.6 8.5 
Wf9 X B37 74.9 79.6 4.7 2.3 3.5 1.2 
C103 X B37 78.1 82.1 4.0 3.7 4.2 .5 
C103 X Wf9 76.0 82.8 6.8 2.1 6.0 3.9 
Mean 74.2 80.0 5.8 2.4 5.8 3.4 
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response to populations with an average delay of 4.9 days. Based on the 
number of days to S at the low population, the hybrids having A619 as a 
parent were the earliest and hybrids with C103 as a parent were the latest 
hybrids, with a 2.7 day difference. The results of the hybrids were simi­
lar to the results of the component iribreds in some respects and different 
in others. The most notable difference was that hybrids which contained 
B37 silked the earliest, on the average, whereas B37 was the latest inbred 
to silk in Experiment 4 at the high population. 
The relative response of the silking interval for most hybrids to a 
plant density increase was similar to that for days to S (Table 79). The 
most notable exception to this was those hybrids containing B37, which was 
affected the least by populations for days from 25 to 75% silking. These 
hybrids had the shortest silking interval at both populations. The inbred 
B37 expressed the shortest silking interval at the low population and an 
intermediate silking interval value at the high population in Experiment 3. 
Days to S and the silking interval at the high population were both 
correlated to grain yield and barrenness. The correlation values for both 
populations are presented in Table 88. 
At the low population, several of the hybrids in this experiment 
started to silk and shed pollen at about the same time. These were mostly 
hybrids having A619, A632, or B37 as a parent. This group on the average 
reached S about 0.7 days after PS, while the remaining hybrids had about a 
1.7 day delay (Table 80). 
By far the largest response to a population change occurred with 
hybrids having C103 as a parent and, in particular, the hybrid C103 x Oh43 
with an 11,4 day delay due to the increase in plant density. When looking 
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IVil) 1 <" HO. l);iyH Iront iniil-: inthcsis Co mid-silking as alTt'trteil ljy pi>|)i:lat i t>iis 
and hybrids in Experiment 4 
Population 
Hybrid Low High H-L 
A619 X A632 -0.2 3.3 3.5 
0h43 X A632 0.9 3.8 2.9 
B37 X A632 -0.1 6.3 6.4 
Wf9 X A632 2.0 7.2 5.2 
C103 X A632 1.4 7.7 6.3 
Oh43 X A619 1.9 7.1 5.2 
B37 X A619 0.6 4.8 4.2 
Wf9 X A619 0.7 6.7 6.0 
C103 X A619 0.3 8.3 8.0 
B37 X Oh43 0.5 5.4 4.9 
Wf9 X Oh43 2.3 5.6 3.3 
C103 X Oh43 2.3 13.7 11.4 
Wf9 X B37 1.4 6.7 5.3 
C103 X B37 -2.3 4.5 4.8 
C103 X Wf9 2.8 9.1 6.3 
Mean 1.0 6.5 5.5 
at the flowering data, it was easy to see why C103 x Oh43 had the highest 
percentage of barren stalks. Hybrids with A632 as a parent gave the least 
response to increased population. These hybrids showed an increase in the 
PS to S interval of from 2.9 to 6.4 days for Oh43 x A632 and B37 x A632, 
respectively, as population was increased. These results agreed reasonably 
well with those for the component inbreds in Experiment 3. The PS to S 
interval for both populations were highly correlated with grain yield and 
barrenness at the high population, with the exception of the interval at 
the low population with barrenness (Table 88). 
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Tassel"dry weight 
Tassel D.W. was affected by all treatments at the 1% level, except for 
populations at the TE stage which was significant at the 5% level. The 
hybrid with the largest tassel D.W. at the low population and third largest 
at the high population was C103 x Wf9 (Table 81). The two hybrids that 
were larger than C103 x Wf9 had either C103 or Wf9 as a parent. B37 x A632 
had the smallest tassel at both populations. However, in general there did 
not appear to be much of a correlation between tassel D.W. at the low and 
high populations. The reduction in tassel D.W., as the population was 
increased, ranged from -5% for C103 x A619 to 55% for C103 x Oh43. B37 x 
Table 81. Tassel dry weight (g) at tassel emergence and anthesis as 
affected by populations and hybrids in Experiment 4 
Tassel emergence Anthesis 
Hybrid 
Population H/L 
(%) 
Population H/L 
(%) Low High Low High 
A619 X A632 6.1 5.3 86.9 7.7 4.3 55.8 
Oh43 X A632 8.7 4.6 52.9 8.2 6.2 75.6 
B37 X A632 4.6 2.5 54.3 5.0 3.6 72.0 
Wf9 X A632 7.7 5.7 74 9.3 5.8 62.4 
C103 X A632 8.7 5.4 62 8.4 6-1 72.6 
0h43 X A619 5.3 4.8 90.6 9.9 6.1 61.6 
B37 X A619 8.0 5.3 66.3 9.5 5.4 56.8 
Wf9 X A619 6.7 5.5 82.1 11.8 5.7 48.3 
C103 X A619 6.7 7.0 104.5 13.8 7.4 53.6 
B37 X Oh43 6.6 5.1 77.3 9.5 5.3 55.8 
Wf9 X Oh43 10.1 6.1 60.4 14.8 7.4 50.0 
C103 X Oh43 9.3 4.2 45.2 19.8 9.2 46.5 
Wf9 X B37 7.2 4.9 68.2 11.1 6.0 51.1 
C103 X B37 6.2 4.1 66.1 8.8 6.0 68.2 
C103 X Wf9 11.1 6.0 54.1 14.5 7.2 49.7 
Mean 7.5 5.1 68.0 10.8 6.1 56.5 
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A632 aiul t;l03 x Wf9 eacii had a 467. rciluc-tion due to increased population. 
The average reduction due to the population increase was 32%. 
The hybrids produced from a C103 cross tended to have the largest tas­
sels, followed closely by hybrids with Wf9 as a parent, at both popula­
tions, whereas hybrids with B37 as a parent had one of the smallest tassels 
at the low population and the smallest at the high population. The inbred 
B37 behaved similarly in Experiment 3 but Oh43, rather than C103 or Wf9, 
produced the largest tassel. 
The increase in tassel D.W. during the TE to PS interval varied among 
hybrids (Table 81). Although the three or four hybrids with the largest 
tassels at TE had the largest tassels at the later stage, C103 x Oh43 did 
have a much larger D.W. increase, which gave it the largest tassel at the 
time of PS. This is another case of a character of the hybrid C103 x 0h43 
being considerably different from that for other hybrids, either related or 
unrelated to C103 x Oh43. The D.W.s increased an average of 3.3 and 1.0 g 
during the TE to PS interval for the low and high populations. It is sug­
gested that the small decreases for three of the hybrids during this inter­
val were due to sampling error, i.e. using tassels that had already shed 
some pollen. 
The hybrids did not give the same relative reductions in tassel D.W., 
due to increased population, at PS as at TE. Oh43 x A632 gave one of the 
largest reductions at TE but the smallest reduction at PS, whereas the 
amount of reduction for C103 x A619 changed in the opposite direction. 
Hybrids with A632 as a parent tended to give the smallest reductions and 
those with Wf9 as a parent the largest reductions due to a population 
increase. The reduction in tassel size caused by the population increase 
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was 12% greater at the later stage of development (10.8 vs 6.1 g). These 
results were comparable to those obtained from the inbreds. 
The correlation coefficients for barrenness or grain yield with tassel 
D.W. at PS were all highly significant, but those for barrenness or grain 
yield with tassel D.W. at TE were not (Table 88). 
Plant and ear height 
The plants were 37 cm or 18% taller at the higher plant density. This 
difference was highly significant. The hybrids maintained about the same 
relative height at both populations, even though the increase in height 
caused by the increase in population ranged from 10% for Wf9 x A619 to 28% 
for Oh43 X A619 (Table 82). Hybrids with Wf9 as a parent consistently 
showed the least response and those with Oh43, A619, or B37 as a parent the 
most response to population change. There did not appear to be any consis­
tent relationship between the absolute height and the percent of change. 
The P X H interaction was significant. There was an agreement between the 
results of the inbreds and the corresponding hybrids for plant height at 
the high population but not at the low population. 
The P X H interaction was not significant at the 5% level for the ear-
plant height ratio, therefore, only the hybrid effect is presented in Table 
82. Hybrids A619 x A632 and Oh43 x A619 set ears proportionately much 
lower on the plant than did the hybrids C103 x A632, C103 x B37, and Wf9 x 
A632. In general, the hybrids containing A619, A632, or Oh43 had the ear 
placement about 4% lower than did the hybrids not containing these inbreds. 
The ears were located 41 and 47% of the way up the plant at the low and 
high populations, respectively. 
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Tnl)le 82. I'l.int height (cm) and ear-plant height ratio {"/..) as affected Iiy 
populations and/or hybritls in Experiment A 
Plant height Ear/ 
Population H/L plant 
Hybrid Low High (%) ratio 
A619 X AÔ32 193 227 118 37 
Oh43 X A632 209 241 115 42 
B37 X A632 222 266 120 45 
Wf9 X A632 226 254 112 46 
C103 X A632 228 264 116 49 
Oh43 X A619 151 193 128 38 
B37 X A619 198 238 120 45 
Wf9 X A619 195 215 110 42 
C103 X A619 189 232 123 41 
B37 X Oh43 202 250 124 44 
Wf9 X Oh43 197 228 116 42 
C103 X Oh43 197 238 121 41 
Wf9 X B37 217 278 114 50 
C103 X B37 218 262 120 47 
C103 X Wf9 225 255 113 45 
Mean 204 241 118 44 
Neither plant height nor relative ear height had any relationship with 
barrenness or grain yield. 
LAI and grain per unit LA 
The data presented in Table 83 for LAI and grain weight per unit of LA 
were from only two replications, and the significance levels are based on 
ANOVs from these two replications. All correlations for LAI and grain per 
unit of LA are based on three replications (two replications actually 
measured plus a third replication which was computed as the mean of the 
first two). 
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Table 83. LAI and grain dry weight per unit of leaf area (g/dm ) as 
affected by populations and hybrids in Experiment 4 
Hybrid 
LAI Grain per unit L.A. 
Population H/L 
(%) 
Population H/L 
(%) Low High Low High 
A619 X A632 0.81 5.51 680 4.47 1.65 36.9 
Oh43 X A632 0.96 6.15 640 3.72 1.33 35.7 
B37 X A632 1.05 6.59 627 4.02 1.24 30.8 
Wf9 X A632 1.08 6.28 581 4.01 1.25 31.2 
C103 X A632 0.98 6.22 634 4.30 1.33 30.9 
Oh43 X A619 0.62 4.87 656 3.40 1.36 40.0 
B37 X A619 1.01 6.91 684 3.81 1.35 35.4 
Wf9 X A619 0.83 6.03 726 3.58 1.38 38.5 
C103 X A619 0.85 5.65 664 4.08 1.28 31.4 
B37 X Oh43 0.90 6.93 670 4.51 1.29 28.6 
Wf9 X Oh43 0.92 6.53 709 3.70 1.21 32.7 
C103 X Oh43 0.96 6.01 626 3.31 0.82 24.8 
Wf9 X B37 1.18 7.46 632 3.56 1.01 39.8 
C103 X B37 1.07 6.97 651 2.64 1.92 72.7 
C103 X Wf9 1.16 6.84 589 2.54 1.01 39.8 
Mean 0.96 6.33 659 3.71 1.30 35.0 
^Data from two replications. 
As might be expected, LAI was highly correlated with plant height 
(0.88 and 0.66 for the low and high population, respectively). The LAI 
ranged from 0.62 for Oh43 x A619 to 1.18 for Wf9 x B37 and from 4.87 to 
7.46 for the same two hybrids, at the low and high population, respectively. 
As the above hybrids indicated, there was rather a close relation between 
the LAI at the two populations for a given hybrid, but the P x H interac­
tion was highly significant. The LAI at the high population ranged from 
5.82 (Wf9 X A632) to 7.27 (Wf9 x A619) times as large as those for the same 
hybrid at the low population. The hybrids with the smallest LAI at the low 
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popti 1.)I ion appeared to Iiave a greater relative increase in IJ^l when tlie 
population was increased. However, there were some notable exceptions. 
Hybrids containing A619 germ plasm gave one of the lowest LAI values 
at the low plant density, the lowest LAI at the high population, and the 
largest response to populations. On the other, hybrids with C103 as a par­
ent had the lowest LAI at the low plant density, was intermediate at the 
high population, but gave the smallest response to populations. Hybrids 
containing B37 or Wf9 ranked first and second, respectively, in LAI at both 
populations and intermediate in response. 
This does not agree too well with the results of the inbreds in Experi­
ment 3. If the five inbreds (excluding C103) are divided into two groups, 
B37 and Wf9 and A632, A619 and 0h43, the groups rank similar to the hybrids 
which had the inbred as a parent, but the ranking within the groups are dif­
ferent. This might have been due to the additional interplant competition 
placed on hybrids due to their larger structure. 
The correlation between LAI and grain production per unit of LA was 
negative but nonsignificant at both populations. Grain per unit LA ranged 
from 2.54 g/dm^ for C103 x Wf9 to 4.51 g/dm^ for B37 x Oh43 at the low pop-
2 
ulation and from 0.82 to 1.65 g/dm for C103 x Oh43 and A619 x A632, respec­
tively, at the high population (Table 83). If the two extremes at the high 
plant density were eliminated, the range would be only from 1.01 to 1.38 
2 
g/dm . The low value for C103 x Oh43 at the high plant density was undoubt­
edly due to barrenness. For this same reason, C103 x Oh43 had the largest 
decrease when population was increased. 0h43 x A619, Wf9 x B37, and C103 x 
Wf9 all had the least reduction (60%) due to the population increase. 
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Hybrids with A632 germ plasm had the highest grain per unit LA value 
at the low population and only slightly less than the highest (A619) at the 
high population. Hybrids with Wf9 or C103 as a parent had the lowest grain 
per unit LA values at both populations. These results were very similar to 
those obtained from the inbreds, but the reduction due to plant density 
increase was 13% more. 
The correlation coefficients between barrenness or grain yield and 
grain per unit LA were highly significant at the high population, but only 
the coefficient for grain yield and grain per unit LA was significant at 
the low population. LAI was not closely associated with either grain yield 
or barrenness (Table 88). 
Potential and relative grain yield 
The hybrids in this experiment expressed a mean potential grain yield 
of 23,399 kg/ha or about 2.7 times greater than the actual yield. There­
fore, the interplant competition at the high population was causing a 61% 
grain yield loss. The hybrids expressed a wide range of potential yields, 
varying from 16,608 kg/ha for Oh43 x A619 to 31,244 kg/ha for B37 x Oh43 
(Table 84). The effect of hybrids was significant. When the average value 
of the hybrids containing each of the inbreds as one parent was computed, 
it was found that those containing C103 had the lowest and those with B37 
the highest potential yield with values of 21,780 and 27,636 kg/ha, respec­
tively. Hybrids containing A619, Oh43, or Wf9 expressed a potential of 
only about 1,000 kg/ha more than did those with C103. The inbreds 
expressed a potential of less than 50% of that of the hybrids. The rela-
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Tabic 84. PotenCial" (kg/ha), actual (kg/Iia), and relative (%) grain 
yield, percent barrenness, lodging percent, and number of plants 
per harvest plot at the high population as affected by hybrids 
in Experiment 4 
Percent Plants/ 
Grain yield barren Lodging harvest 
Hybrid Potential Actual Relative stalks percent plot 
A619 X A632 24573 10126 44 8.7 15 85.0 
0h43 X A632 22922 9457 41 11.1 33 83.7 
B37 X A632 26482 9949 36 6.8 28 84.7 
Wf9 X A632 25249 8508 35 9.6 38 83.3 
C103 X A632 26829 8713 33 18.0 53 80.7 
0h43 X A619 16608 6963 46 6.7 17 80.3 
B37 X A619 26314 9599 37 9.0 23 78.3 
Wf9 X A619 21607 9480 44 8.2 37 81.3 
C103 X A619 23046 7808 35 16.2 38 80.0 
B37 X Oh43 31244 9741 31 6.6 13 81.7 
Wf9 X Oh43 24114 9126 39 6.0 48 84.0 
CI03 X Oh43 19884 5763 29 40.6 5 83.7 
Wf9 X B37 26506 8341 32 14.0 50 84.7 
C103 X B37 18249 9165 51 1.9 32 52.3 
C103 X Wf9 17361 7458 44 28.0 40 82.0 
Mean 23399 8680 39 12.7 32 80.4 
^Data from two replications. 
tive results were comparable except for the inbred A632 which had a higher 
potential than B37. 
The potential grain yield was correlated positively with actual grain 
yield at the low population at the 1% level but was not significantly cor­
related with the LAI at the low population. Grain yield at the high popu­
lation was significantly correlated with potential grain yield, but barren­
ness was not. Relative grain yields were not significantly affected by 
hybrids even though the difference among hybrids was rather large (29% for 
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C103 X B37 and 46% for Oh43 x A619, Table 84). Relative grain yield was 
not significantly correlated with actual grain yield or barrenness. 
Plants per harvest plot 
The harvest stand was 97% of the desired harvest stand, if C103 x B37 
were excluded from the calculations (Table 84). The range of the number of 
plants per harvest plot was 78.3 for B37 x A619 to 85.0 for A619 x A632 
(85.0 equals 100%). Although the effect of hybrids on the harvest stand 
was highly significant, it was thought that this was caused by C103 x B37. 
This character was not correlated with grain yield or barrenness. 
Relative number and relative dry weight of the second ear 
The effect of hybrids was highly significant for both relative ear 
number and relative D.W. of the second ear. Only two hybrids were true 
two-eared (Table 85); these were B37 x A632 and B37 x Oh43. Several other 
hybrids approached the two-ear level, and four were strong one-eared. The 
latter group had either C103 or Wf9 as one of the parents. When analyzed 
on the basis of the inbreds comprising the hybrid, it was found that 
hybrids with A632, B37, 0h43, Wf9, A619, or C103 produced a second ear on 
91, 91, 60, 48, 45, and 23% of the plants, respectively. The values were 
all larger than for the comparable inbreds in Experiment 4, except for A632. 
Although the second ears account for 60% of the number of ears, the 
ear D.W. ratio shows that the second ears accounted for only 34% of the 
grain yield (Table 85). The effect of hybrids on ear D.W. ratios was 
fairly comparable to that for ear number ratio, but hybrids with B37, A619, 
or 0h43 as a parent produced smaller second ears than the other hybrids. 
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Table 85. The ratio of the number of first and second ears (%), their dry 
weight ratio (%), dry weight of 100 seed (g), and the number of 
tillers at the low population as affected by hybrids in Experi­
ment 4 
Ear no. Ear D.W. 100 seed Tillers/ 
Hybrid ratio ratio weight 15 plants 
A619 X A632 78 36 29.6 25 
Oh43 X A632 91 55 26.4 15 
B37 X A632 100 75 29.7 4 
Wf9 X A632 93 62 29.0 8 
C103 X A632 93 75 32.6 4 
Oh43 X A619 49 13 22.9 4 
B37 X A619 80 35 30.9 6 
Wf9 X A619 2 0 26.9 23 
C103 X A619 18 9 32.2 2 
B37 X Oh43 100 44 25.6 5 
Wf9 X Oh43 58 24 24.5 7 
C103 X Oh43 4 0 31.9 5 
Wf9 X B37 87 49 24.0 0 
C103 X 337 149 32 30.9 0 
C103 X Wf9 0 0 26.4 2 
Mean 60 34 28.2 7 
The correlation coefficient between ear number ratio and ear D.W. ratio 
(0.92) was highly significant. 
Ear number ratio and ear D.W. ratio were both significantly correlated 
with grain yield in a positive manner, and ear number ratio was signifi­
cantly correlated with barrenness in a negative manner. 
Number of tillers 
The hybrids A619 x A632, Wf9 x A619, and Oh43 x A632 had 25, 23, and 
15 tillers per 15 plants, respectively (Table 85). All of the other 
hybrids had fewer than nine tillers. Hybrids with A619 or A632, 0h43 or 
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B37, and Wf9 or C103 as a parent averaged 11.5, 7.5, and 3.5 tillers per 15 
plants, respectively, with only one tiller difference between the two 
entries in each of the groups. The inbreds in Experiment 4 produced essen­
tially no tillers. Tiller number was not significantly related to grain 
yield or barrenness at the high population. 
Ear and silk measurements at tassel emergence and anthesis 
The ear and silk lengths that are not presented here and all of the 
ear D.W.s are presented in Appendix Table 109. The mean length of the sec­
ond ear at the time of PS was 106 and 25 mm for the low and high population, 
respectively. This difference was highly significant, as was the effect of 
hybrids, but the P x H interaction was only significant at the 5% level. 
The second ear was 128 mm long for C103 x A632 but only 81 mm long for 0h43 
X A619 at the low population by PS. The comparable measurements at the 
high plant density were 38 and 17 mm, but the range of second ear lengths 
at this plant density was from 10 to 41 mm for C103 x Oh43 and Wf9 x A632 
respectively (Table 86). The response of the various hybrids to a popula­
tion increase for length of the second ear was from about 66% for Wf9 x 
A619 and Wf9 x B37 to about 90% for A619 x A632 and C103 x Oh43. 
At the low plant density, hybrids with the longest second ear at PS 
were those that had A632 (115 mm) or C103 (110 mm) as a parent. The 
hybrids with any of the other four inbreds on the average had second ear 
lengths of about 100 mm at the same population. The absolute length of the 
second ears was the smallest and the percentage of reduction with increased 
population the largest for hybrids with 0h43 or C103 germ plasm. The oppo­
site was true for hybrids with Wf9 germ plasm. 
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Table 86. Length (mm) of second ear and silk of second ear at anthesis as 
affected by populations and hybrids in Experiment 4 
Ear length Silk length 
Population H/L Population 
Hybrid Low High (%) Low High 
A619 X A632 116 11 9 225 0 
Oh43 X A632 101 20 20 158 3 
B37 X A632 114 22 19 231 3 
Wf9 X A632 118 41 35 215 2 
C103 X A632 128 38 30 221 11 
0h43 X A619 81 17 21 109 0 
B37 X A619 99 24 24 143 2 
Wf9 X A619 82 27 33 74 2 
C103 X A619 123 21 17 134 0 
B37 X 0h43 93 15 16 106 0 
Wf9 X Oh43 111 21 19 122 0 
C103 X Oh43 101 10 10 85 0 
Wf9 X B37 103 35 34 123 7 
C103 X B37 131 60 50 213 40 
C103 X Wf9 87 20 23 83 0 
Mean 106 26 25 149 5 
Silk lengths on the second ear were, in general, comparable to the ear 
lengths at the low population, with the exception of B37 x A632 and C103 x 
A619 which had relatively longer and shorter silks, respectively, than did 
the other hybrids (Table 86). The length of the silks on the second ears 
at the high population were essentially nonexistent with perhaps the excep­
tion of C103 X A632. The treatment effects for silk length were all highly 
significant. 
The correlation coefficients between length of the second ears and the 
silks on these ears were 0.77 and 0.72 for the low and high population. 
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respectively. Neither the length of the second ear nor the length of their 
silks were significantly related to grain yield or barrenness. 
The effect of populations and hybrids on the ear length ratio and all 
of the treatment effects on the silk length ratio were highly significant. 
The P X H interaction for each character is presented in Table 87. The 
correlation values between the absolute length of the ear and silk of the 
second ear and the corresponding ear length and silk ratios were highly 
significant. Therefore, no further results will be mentioned here. 
Table 87. Ear length ratio (%) and silk length ratio (%) of first and sec­
ond ear at anthesis as affected by populations and hybrids in 
Experiment 4 
Ear length ratio Silk length ratio 
Population Population 
Hybrid Low High L-H Low High L-H 
A619 X A632 84 13 71 85 0 85 
Oh43 X A632 75 21 54 56 3 53 
B37 X A632 87 25 62 84 2 82 
Wf9 X A632 104 57 47 94 4 90 
C103 X A632 96 51 45 82 17 65 
Oh43 X A619 66 24 42 55 0 55 
B37 X A619 73 28 45 69 3 66 
Wf9 X A619 75 29 46 38 2 36 
C103 X A619 85 24 61 64 0 64 
B37 X Oh43 78 18 60 57 0 57 
Wf9 X Oh43 81 32 49 58 0 58 
C103 X Oh43 71 22 49 40 0 40 
Wf9 X B37 105 53 52 74 17 57 
C103 X B37 87 55 34 72 27 51 
C103 X Wf9 70 34 36 50 0 50 
Mean 82 32 50 66 49 17 
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Relationships of barrenness and grain yield at high population with other 
characters measured at either population 
Simple correlations As with the component inbreds, the hybrids in 
this experiment displayed a lack of significant correlations between bar­
renness or grain yield at the high population and characters measured at 
the low population (Table 88). Many of the correlation coefficients were 
actually smaller for the hybrids, but the degrees of freedom for testing 
were four times as great as for the inbreds. The largest correlation coef­
ficient for either grain yield or barrenness was with tassel D.W. at PS 
(-.74 and .72, respectively). 
In contrast to the above, there were several highly significant corre­
lation coefficients for barrenness or grain yield with other plant charac­
ters at the high population (Table 88). Tassel D.W. at PS was the only 
character that was significantly correlated to grain yield and barrenness 
at both populations. Flowering characters and size of the first ear and 
its silk at PS at the high plant density were highly correlated with barren­
ness and grain yield, also. 
Multiple regressions In general, this experiment had the smallest 
coefficients of determination of the entire study. However, the coeffi­
cients presented were all highly significant, and most of the characters 
producing a significant contribution to the regression model were those com­
mon to other experiments (Tables 89 and 90). 
The main characters in the regression model for predicting barrenness 
were days to S, 50 to 75% S interval, first ear D.W., 100 seed D.W., and 
ear number ratio. A combination of days to S, first ear D.W., 100 seed 
147 
Table 88, Simple correlation coefficients (r) for grain yield and barren­
ness at high population with other plant characters at high or 
low population in Experiment 4 
Low population High population 
Grain Barren- Grain Barren­
Character yield ne s s yield ness 
S -.55* .34 -.82** .74** 
25 to 75% interval .15 -.13 -.58** .68** 
PS to S interval -.69** .51 - « 86** .86** 
PS -.27 .13 -.23 .08 
PS interval -.01 -.09 -.16 .30 
TE to PS interval -.65* .15 -.88** .69** 
#1 ear L. 0 TE .31 .15 .18 -.04 
#2 ear L. (g TE .35 .07 -.20 .08 
#1 ear L. @ PS —. 08 .27 .76** -.6 8** 
#2 ear L. (? PS .20 -.01 .13 -.20 
#1 ear D.W. @ TE .30 .13 .51 -.34 
#2 ear D.W. (? TE .39 -.05 -.14 -.01 
#1 ear D.W. @ PS -.02 .07 .73** -.74** 
#2 ear D.W. @ PS .50 -.43 .17 -.16 
#1 silk L. @ TE .45 -.12 .30 -.20 
#2 silk L. @ TE .39 -.09 .30 -.20 
#1 silk L. @ PS .40 -.17 .82** -.78** 
#2 silk L. @ PS .48 -.33 .18 -.02 
Tassel D.W. @ TE -.33 .56* -.12 .03 
Tassel D.W. @ PS -.74** .72** -,80** .74** 
Ear L. ratio @ TE .28 -.21 -.19 -.06 
Ear L- ratio @ PS .23 -.19 -.13 .04 
Ear D.W. ratio @ TE .41 • -.45 -.16 .02 
Ear D.W. ratio (? PS .49 -.51 -.01 .01 
Silk L. ratio @ TE .40 -.19 -.16 .05 
Silk L. ratio (? PS .41 -.38 .04 .04 
Plant ht. .25 .20 .20 .23 
Ear ht. .16 .18 .18 .13 
E.-P. ht. ratio .05 .12 .16 .03 
LAI .04 .31 .28 .03 
^Mean of two replicates was used for values of the third replicate. 
148 
Table 88. (Continued) 
Low population High population 
Grain Barren­ Grain Barren­
Character yield ness yield ness 
Grain/unit LA^ ^  .58* -.42 .74** -.75** 
Potential yield - - .61* -.33 
Relative yield^ — — .24 -.40 
#1 ear D.W. -.22 .56* .60* .02 
Grain yield .44 -.10 1.00** -.76** 
100 seed D.W. -.04 .40 - - — 
Ear no. ratio .61* -.57* — •» — mm 
Ear D.W. ratio .54* -.41 
No. tillers .49 -.30 — — 
Lodging — .15 -.15 
No. plants -  - .12 .09 
Table 89. Multiple regression models with barrenness at high population as 
the dependent variable and characters measured at low population 
as the independent variables. Experiment 4 
Independent b value t-va lue (%) 
S 2.94 3.77** 80** 
#1 ear D.W. .09 1.71 
100 seed D.W. 1.22 2.30* 
Ear no. ratio -0.11 -2.28* 
S 3.57 3.80*)t 75** 
#1 ear D.W. 0.18 3.57** 
100 seed D.W. 1.18 1.96 
Plant ht. -0.14 -1.49 
S 2.64 3.18** 74** 
100 seed D.W. 1.62 3.10** 
Ear no. ratio -0.15 -3.63** 
25 to 75% S interval -5.35 -1.66 68** 
#2 silk L. (a PS 0.07 1.55 
Tassel D.W. @ PS 2.79 4.11** 
50 to 75% S interval -13.60 -2.65* 69** 
100 seed D.W. 0.98 1.77 
Ear no. ratio -0.16 -3.50** 
S 2.67 2-90* 68** 
#1 ear D.W. 0.14 2.52* 
Ear no. ratio 0.08 -1.50 
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Table 90. Multiple regression models with grain yield at high population 
as the dependent variable and characters measured at low popula­
tion as the independent variables. Experiment 4 
Independent b value t-value af (%: 
S -309.10 -3.68** 84** 
TE to S interval -395.91 -5.56** 
100 seed D.W. -241.04 -4.04** 
S -316.81 -3.43** 80** 
Plant ht. 14.33 1.55 
Tassel D.W. @ PS -212.71 -4.30** 
S -338.53 -3.30** 78** 
E-P ht. ratio 85.18 1.22 
Tassel D.W. (? PS -218.10 -4.28** 
S -229.78 -1.78 79** 
PS to S interval -874.88 -3.20** 
Plant ht. 32.51 3.11** 
100 seed D.W. -195.91 -2.86* 
S -396.16 -3.98** 76** 
Silk L. ratio (§ PS -17.29 -1.01 
Ear no. ratio 27.26 3.60** 
S -412.90 -4-14** 77** 
100 seed D.W. -77.88 -1.24 
Ear no. ratio 21.44 4.31** 
S -292.18 -2.14 75** 
Ear no ratio 21.50 4.19** 
No. of tillers 32.68 0.91 
S -394.81 -3.68** 74** 
#1 ear D.W. -3.01 -0.47 
Ear no. ratio 19.99 3.19** 
D.W., and ear number ratio had the largest coefficient of determination of 
any model presented in Table 89. 
Most of the characters found to be of value in predicting barrenness 
were found to be useful in predicting grain yield. This was expected since 
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the correlation coefficient (-.76) was highly significant. The coefficients 
of determination were a little higher for grain yield than for barrenness. 
Experiment 5, 1969 
This experiment was conducted to study the differences of several 
plant characters for one-eared and multi-eared type hybrids, all of which 
were tolerant to high population. One of the one-eared hybrids had to be 
dropped from the study due to a poor stand. This was unfortunate as there 
were already several more multi-eared than one-eared type entries. 
The response of each plant character for ten hybrids and two popula­
tions and their mean squares are presented in Appendix Tables 111 and 112. 
The effect of populations was highly significant for all characters, except 
days to PS, ear length ratio, and shelling percent, which were significant 
at the 5 and 5% level and nonsignificant, respectively. Number of plants 
per harvest plot and percent barrenness were affected by hybrids at the 5% 
level, whereas the remaining characters were affected at the 1% level. 
Relative number and size of second ears and tiller number 
The effect of hybrids on these characters is shown in Table 91. 
Nrl m, Nrl f, and P 3373 were the only one-eared hybrids. P 60703, P 3567, 
and Q97 x Q98 were two-eared, whereas P60715 and Q66 x Q67 were in between 
these two types. There were slightly more second than first ears, but the 
second ears only constituted 70% of the ear D.W. The correlation coeffi­
cient between relative number of second ears and D.W. per first ear was 
-0.60 (correlation coefficients greater than 0.632 and 0.765 were signifi­
cant at the 5 and 1% level, respectively, for this experiment). 
151 
Table 91. The ratio of the number of first and second ears (%), their dry 
weight ratio (%), and the number of tillers as affected by 
hybrids in Experiment 5 
Ear no. Ear D.W. Tillers/ 
Hybrid ratio ratio 15 plants 
NRl m 7 1 0 
NRl f 5 1 0 
P 60715 237 156 6 
P 60703 107 79 13 
P 3773 10 5 9 
P 3567 102 54 13 
P x8193 138 102 13 
Q66 X Q67 190 118 3 
Q31 X Q32 155 99 8 
Q97 X Q98 108 88 16 
Mean 106 70 8 
Tillers and ears are both lateral branches, and it was thought that 
there might be either a direct or inverse relationship between them, but 
the data from this experiment did not show such a relationship. 
Grain yield and its components 
The grain yield at low population averaged 3699 kg/ha and ranged from 
2178 to 4709 kg/ha for NRl f and Q66 x Q67, respectively. At the higher 
plant density, grain yield ranged from 7071 kg/ha for Q66 x Q67 to 10057 
kg/ha for P 3567 and averaged 8083 kg/ha for the ten hybrids. The highly 
significant P x H interaction is shown in Table 92. The percent increase 
in grain yield with the increase in plant density ranged from 50% for Q66 x 
Q67, as seen above, to 266% for NRl m, with a mean of 219%. With the 
exception of P 3567 and P x8193, those hybrids which produced the smallest 
yields at the low population gave the greatest grain yield response to 
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Table 92. Grain yield (kg/ha), percent barrenness, number of plants per 
harvest plot, and percent lodging as affected by populations 
and/or hybrids in Experiment 5 
Grain Yield Percent Plants/ 
Population H/L barren­ harvest Percent 
Hybrid Low High (%) ness plot lodging 
NRl m 2271 8322 366 0.6 83.5 21 
NRl f 2178 7761 356 9.6 87.5 10 
P 60715 3949 7682 194 1.2 82.8 91 
P 60703 3670 8530 232 11.6 81.5 49 
P 3773 3731 8585 230 11.5 80.8 94 
P 3567 4168 10057 241 3.3 75.5 69 
P x8193 3551 6690 188 15.5 74.5 51 
Q66 X Q67 4709 7071 150 19.9 83.0 73 
Q31 X Q32 4254 8493 200 16.9 81.5 54 
Q97 X Q98 4507 7638 169 17.2 74.8 91 
Mean 3699 8083 219 10.7 80.5 63 
increased population. Also, when the hybrids were divided into four groups 
on the basis of number of ears per plant (approximately 1, 2, 2.5. and 3), 
it was found that the corresponding average yield response to increased 
population was 217, 114, 94, and 72%, respectively. 
The greater yield response to increased population from those hybrids 
which produced fewer ears per plant at the low population appeared to be 
due to difference in ear size and barrenness in different proportions for 
each hybrid, since there was no close relationship between response and ear 
D.W. or percent barrenness. 
The values for two yield components, percent barrenness and ear D.W., 
are shown in Table 93. The percent barren stalks ranged from near zero for 
NRl m and P 60715 to 19.9 for Q66 x Q67. The degree of relationship 
between yield and ear D.W. or barrenness was much lower than expected, 0.65 
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Table 93. Percent barrenness, first ear dry weight (g), and 100 seed dry 
weight (g) as affected by populations and/or hybrids in Experi­
ment 5 
Ear D.W. 100 seed D.W. 
Percent Population H/L Population H/L 
Hybrid barren Low High (%) Low High (%) 
NRl m 0.6 191 92 48 
NRl f 9.6 184 90 49 
P 60715 1.2 133 86 65 19.1 16-4 85.9 
P 60703 11.6 176 108 61 21.8 19.5 89.4 
P 3773 11.5 305 110 36 29.8 24-0 80.5 
P 3567 3.3 231 127 55 26.9 23.0 85.5 
P x8193 15-5 150 98 65 21.5 19.3 89.7 
Q66 X Q67 19.9 184 98 53 22.2 18-3 82.4 
Q31 X Q32 16.9 183 115 63 23.4 21.8 93.2 
Q97 X A98 17.2 205 116 56 22-1 20-5 92-8 
Mean 10.7 194 104 53.6 23.4 20-4 87.2 
and -0.48, respectively. Also, the degree of relationship between ear D.W. 
and percent barrenness was extremely small in this experiment (r = 0.04 and 
r = 0.25 for low and high population, respectively). In this experiment, 
it appeared that ear size was a more important factor in grain yield than 
was number of ears. Also, it was noted that yield was negatively correlated 
(r = -0.31) with relative number of second ears at the low population. It 
should be remembered that average barrenness was not extremely high. The 
reduction in ear size with increasing plant density was due to both a reduc­
tion in number of kernels and reduction in kernel size, since ear D.W. 
declined by 46% and kernel D.W. by approximately 23% (Table 93). 
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Plants per harvest plot and lodging 
The effect of hybrids on plants per harvest plot was significant 
(Table 92). NRl f had 2.5 plants more and P 3567, P x8193, and Q97 x Q98 
about ten plants less than desired. Plants per harvest plot was not 
related to yield or barrenness to any appreciable extent but was negatively 
related to ear size (r = -0.61). The percent lodging values presented in 
Table 92 show P 60715, P 3373, and Q97 x Q98 with lodging exceeding 90%. 
NRl m and NRl f had the least lodging with 21 and 40%, respectively. The 
amount of lodging was unrelated to yield or barrenness, probably because 
the lodging occurred late in the season. 
Flowering 
Days to S was delayed 2.9 days and the 25 to 75% silking interval 
increased by 1.7 days by increasing plant density. The degree of change 
and even the direction for the silking interval were different for the 
hybrids resulting in the highly significant P x H interactions presented in 
Table 94. Days to S was delayed by as little as 0.8 days for NRl m and as 
much as 6.4 days for Q66 x Q67. The number of days delay in S appeared to 
be positively related to barrenness, and the number of days to silking at 
the high population was correlated with barrenness (r = -0.64). Except for 
the three hybrids which silked the latest, the hybrids maintained the same 
relative position for the S date for both populations. 
The response of individual hybrids for silking interval to the 
increased plant density appeared to be unrelated to barrenness or the silk­
ing interval at the low population. The response ranged from a decrease of 
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Table 94. Days to 50% silking and days from 25 to 75% silking as affected 
by populations and hybrids in Experiment 5 
Days to silking Silking interval 
Population Population 
Hybrid Low High H-L Low High H-L 
NRl m 63.2 64.0 0.8 2.7 3.1 .4 
NRl f 64.0 67.3 3.3 2.3 4.5 2.2 
P 60715 75.1 77.1 2.0 2.9 4.0 1.1 
P 60703 74.0 76.6 2.6 1.6 5.4 3.8 
P 3773 72.5 74.1 1.6 3.3 5.1 1.8 
P 3567 76.9 80.4 3.5 2.2 1.9 -.3 
P x8193 75.4 79.9 4.5 2.8 6.5 3.7 
Q66 X Q67 78.7 85.1 6.4 2.9 2.5 -.4 
Q31 X Q32 80.5 81.6 1.1 1.7 2.6 .9 
Q97 X Q98 81.2 84.9 3.7 1.8 4.7 2.9 
Mean 74.2 77.1 2.9 2.4 4.1 1.7 
about 0.3 days for P 3567 and Q66 x Q67 to an increase of about 3.7 days 
for P 60703 and P x8193. 
Unlike the affect of populations on PS for the other experiments, it 
delayed PS in this experiment by 1.3 days, which was significant. When 
ranked for days to PS, the hybrids had basically the same positions as when 
ranked for days to silking (Table 95). The response ranged from 1.1 days 
to 2.8 days (it was thought that the 4.1 days for NR 1 m was probably an 
error due to more than 50% sterile tassels). 
The PS to S interval was increased 1.6 days by increasing plant den­
sity. All hybrids had a larger interval at the higher population, except 
NR 1 m which was probably due to the error in determining date of PS (Table 
95). The interval at the high population had a correlation with barrenness 
of 0.44. 
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Table 95. Days to mid-anthesis and days from mid-anthesis to mid-silking 
as affected by populations and hybrids in Experiment 5 
Hybrid 
Days to mid-. anthesis 
Anthesis to 
silking interval 
Population 
H-L 
Population 
H-L Low High Low High 
NRl m 64.6 68.7 4.1 -1.3 -4.7 -3.4 
NRl f 64.4 66.1 1.7 -0.4 1.2 1.6 
P 60715 73.3 74.0 .7 1.8 3.1 1.3 
F 60703 74.0 73.6 -.4 0.0 3.0 3.0 
P 3773 73.7 72.6 -1.1 -1.2 1.4 2.6 
P 3567 76.5 78.7 2.2 0.4 1.7 1.3 
P x8193 75.4 76.8 1.4 0.0 3.1 3.1 
Q66 X Q67 80.0 82.8 2.8 -1.3 2.3 3.6 
Q31 X Q32 81.2 81.6 .4 -0.7 0.0 0.7 
Q97 X Q98 80.8 82.2 1.4 0.3 2.7 2.4 
Mean 74.4 75.7 1.3 -0.2 1.4 1.6 
Plant and ear height 
The plant height increased from 203 to 240 cm or 18% as plant density 
was increased. The average plant height is not too meaningful, since the 
hybrids ranged in height from 152 to 269 cm (Table 96). Plant height was 
very highly correlated with maturity grouping of a hybrid as measured by 
days to PS (r = 0.98) and S (r = 0.95). Also, it was related to barrenness 
and to a lesser degree with ear D.W. at the high population (r = 0.76 and 
r = 0.55, respectively) and highly related to ear height (r = 0.92) at both 
plant densities. 
The average for the ear-plant height ratio was 47.6%, but there was a 
5% difference between the two populations. Table 96 shows that there was a 
rather wide range of ratios. The relative ear height was related to yield 
and barrenness, with correlation coefficients of -0.64 and 0.74, respec-
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Table 96. Plant height (cm), ear-plant height ratio (%), and tassel dry 
weight (g) at anthesis as affected by populations and/or hybrids 
in Experiment 5 
Tassel D.W. 
Plant Ear-plant Population H/L 
Hybrid ht. ht. ratio Low High (%) 
NRl m 152 43.2 5.2 2.4 46 
NRl f 154 44.2 8.0 5.0 70 
P 60715 198 49.7 10.9 7.2 58 
P 60703 230 45.9 12.4 7.1 57 
P 3773 218 42.7 6.4 7.2 112 
P 3567 228 38.3 6.9 6.6 96 
P x8193 242 49.5 13.4 6.3 47 
Q66 X Q67 269 51.7 13.9 5.0 36 
Q31 X Q32 262 52.9 8.6 6.0 70 
Q97 X Q98 260 57.3 14.8 7.0 47 
Mean 221 47.6 10.0 6.0 60 
tively. Both relative ear height and plant height were positively related 
to number of second ears (r = 0.62 and r = 0.58, respectively). 
Tassel dry weight 
Tassel D.W.s were reduced 40% by increasing the population. The 
response varied from a decline of 64% for Q66 x Q67 to an increase of 12% 
for P 3773 (Table 96). It was thought that the 12% increase was probably 
due to a sampling error (e.g. sampling tassels at low population which had 
shed considerable pollen). These responses caused the P x H interaction to 
be highly significant. The hybrids with the largest tassels at the low 
population tended to give the greatest decrease in tassel weight when popu­
lation was increased. 
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The tassel D.W. at the low population was correlated with barrenness 
and grain yield at the high population to the same extent but in opposite 
directions (r = -.64 and r = 0.65, respectively). Tassel D.W. was highly 
correlated with the ear D.W. ratio (r = 0.71) which was predicted by the 
correlation coefficient between tassel D.W. and ear length ratio at PS 
(r = 0.71). However, there was no relation between tassel D.W. at the high 
plant density and barrenness or yield. It was very surprising to find 
tassel D.W. correlated closely with ear and silk length and D.W. of first 
ear (r = -.76, -0.84, and -0.76, respectively) but not correlated with per­
cent barrenness (r = 0.23). 
Ear and silk lengths at anthesis 
The length of the first ears and their silks, in addition to all the 
ear D.W.s determined at the time of anthesis, may be seen in Appendix 
Table 111. They are not presented here because the lengths were not corre­
lated with barrenness or yield and the lengths of the second ears and their 
silks, and the ratios of first and second ears for these characters were 
more highly correlated with yield and barrenness than were the ear D.W.s. 
Ear and silk lengths for the second ear and the ratio of the second to 
first ear are presented in Table 97. As in previous experiments, the silk 
growth was retarded much more than ear growth as population was increased. 
The second ear lengths were 95 and 36 mm, and the silk lengths were 194 and 
20 mm at the low and high plant density, respectively. Therefore, at the 
low population, the silks were twice as long as the ears but at the higher 
population only about 50% as long. The ear and silk length ratios were 
comparable at low population 82 and 75% but again the silk responded more 
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Table 97. Average length (mm) of second ear and silk of second ear and the 
ear and silk ratios (%) for two populations for the ten hybrids 
in Experiment 5 
Ear length Silk length 
Hybrid #2 #2/#l #2 #2/#l 
NRl m 73 63 134 48 
NRl f 49 53 92 38 
P 60715 68 78 85 53 
P 60703 57 58 86 37 
P 3773 56 46 80 28 
P 3567 52 48 54 24 
P x8193 69 72 114 50 
Q66 X Q67 87 79 188 65 
Q31 X Q32 64 71 119 54 
Q97 X Q98 78 75 118 49 
Mean 66 64 107 45 
to stress than did the ear and at the high population the ratios were 46 
and 14%, respectively. 
One of the three-eared hybrids, Q66 x Q67, had the largest value for 
all four characters presented in Table 97. This hybrid also was the most 
barren. The hybrids with the longest second ear tended to have the largest 
values for the other three measurements as well, with most all of the cor­
relation coefficients being highly significant. The correlation between 
these characters and yield and barrenness can be seen in Table 98. 
Relationships of grain yield and barrenness at high population with other 
characters measured at either population 
Simple correlations Surprisingly, very few of the flowering char­
acters were significantly correlated with barrenness or grain yield in this 
experiment at either population (Table 98). Days to PS was the only flow-
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Table 98. Simple correlation coefficients (r) for grain yield and barren­
ness at high population with several other plant characters 
measured at low and high population in Experiment 5 
Low population High population 
Grain Barren­ Grain Barren­
Character yield ness yield ness 
S -.04 .58 -.15 .64* 
25 to 75% S interval -.32 -.18 -.51 .21 
PS to S interval -.01 -.33 -.26 .41 
PS -.04 .65* -.07 .61 
TE to PS interval -.02 .04 -. 08 .21 
#1 ear L. @ PS .15 .11 .02 -.20 
#2 ear L. @ PS -.56 .47 -.50 .17 
#1 ear D.W. @ PS .00 .06 -.11 .02 
#2 ear D.W. @ PS -.52 .41 -.54 .50 
#1 silk L. 0 PS -.34 .47 -.25 .08 
#2 silk L. (a PS -.63 .52 -.53 .45 
Tassel D.W. (3 PS -.65* .64* .12 .24 
Ear L. ratio @ PS -.74* .37 -.55 .28 
Ear D.W. ratio @ PS -.80** .32 -.58 .46 
Silk L. ratio @ PS —.81** .30 -.55 .49 
Plant ht. -.11 .74* -.15 .76* 
Ear ht. -.36 .77* -.40 . 84** 
E.-P. ht, ratio -.64* .53 -.64* .74* 
Ear no. ratio -.31 .22 — — — — 
Ear D.W. ratio -.39 .28 - -
No. tillers .18 .30 — -
Lodging — — -.01 .21 
No. plants — -.06 -.23 
#1 ear D.W. .52 .04 .65* .25 
Grain yield .00 .51 1.00 - .48 
ering character measured at the low population that was significantly cor­
related with barrenness. This was the only experiment in which days to PS 
was found to be significantly affected by populations. Days to S was sig­
nificantly correlated with barrenness only at the high population, although 
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it approached significance at the 57» level at the low plant density. Days 
to S showed no correlation with grain yield. 
Tassel D.W. at PS at the low population was significantly correlated 
to both grain yield and barrenness but not correlated to either at the high 
population. The ratios of the ear and silk measurements made on the first 
and second ear were correlated only with grain yield at the low population. 
Plant, ear, and ear-plant height ratio were the only characters that were 
significantly correlated with grain yield or barrenness at both populations. 
In general, it can be seen that many of the characters measured for these 
hybrids were related to grain yield and barrenness in a different way than 
those of the hybrids in the other experiments. 
Multiple regressions Days to S, tassel D.W. at PS, and days to PS 
predicted the largest percentage of variation in barrenness of any of the 
prediction equations presented in Table 99. It was the only equation in 
which all the characters made a significant contribution. 
The 25 to 75% silking interval, ear D.W. ratio at PS, and tassel D.W. 
at PS produced the largest coefficient of determination for grain yield 
presented in Table 100. The t-value for tassel D.W. was just short of 
being significant at the 5% level. The equation containing days to S, ear-
plant height ratio, and tassel D.W. at PS had an 8% lower coefficient of 
determination, but these measurements avoid sacrificing of the ears, which 
is required by the ear D.W, ratio at PS, and the ear-plant height ratio can 
be obtained more quickly. D.W. of the first ear is present in the third 
equation, but it did not make a significant contribution to the prediction 
equation. 
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Table 99. Multiple regression models with barrenness at high population as 
the dependent variable and characters measured at low population 
as the independent variables. Experiment 5 
Independent b value t-value B^(%) 
S -4.26 -3.48** 84** 
Tassel D.W. @ PS 1.26 3.01* 
PS 4.68 3.82** 
S -1.67 -2.41* 80** 
Tassel D.W. @ PS 0.64 1.34 
Plant ht. 0.32 3.13* 
S -2.89 -2.04 77** 
Ear ht. 0.26 2.02 
PS 2.61 1.63 
S -1.62 -2.22 74** 
Plant ht. 3.49 3.26** 
S -50.18 -1.40 70** 
PS to S interval 48.44 1.31 
PS 50.84 1.42 
S 0.85 2.92* 64** 
PS to S interval -4.79 -2.23 
#1 ear D.W. -0.04 -0.85 
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Table 100. Multiple regression models with grain yield at high population 
as the dependent variable and characters measured at low popu­
lation as the independent variables. Experiment 5 
Independent b value t-va lue sf (%; 
25 to 75% S interval -632.50 -2.44* 85** 
Ear D.W. ratio @ PS -22.20 -2.74* 
Tassel D.W. @ PS -120.26 -2.18 
S 106.92 2.72* 77** 
E-P ht. ratio -9.61 -1.96 
Tassel D.W. (? pS -181.59 -2.25 
25 to 75% S interval -831.27 -2.53* 75** 
Tassel D.W. @ PS -164.99 -2.58* 
#1 ear D.W. 7.06 1.51 
#2 ear L. (? PS 7.45 0.38 72** 
Tassel D.W. @ PS -83.50 -1.11 
Silk L. ratio (? PS -46.12 -2.33* 
Tassel D.W. @ PS -88.62 -1.05 72** 
Silk L. (? PS -45.77 -2.25 
E-P ht. ratio 20.12 0.32 
#2 ear L. (? PS -12.41 -0.74 72** 
Ear D.W. ratio @ PS -24.93 -2.30* 
Tassel D.W. @ PS -52.46 -0.65 
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DISCUSSION 
Several investigations have shown the occurrence of hybrids x popula­
tions, hybrids x cytoplasms, and cytoplasms x populations interactions for 
grain yield and barrenness in corn. Marked differential responses of 
single-crosses and inbreds to population levels with respect to stalk bar­
renness were noted by Sass and Loeffel (1959). Schwanke (1965) categorized 
26 genotypes into population tolerant or population intolerant classes on 
yielding ability at high population densities and found reduced stalk bar­
renness associated with tolerant genotypes. Duvick (1958) reported that 
sterile genotypes tended to yield more when compared to their normal coun­
terparts as rates of planting increased, at least up to normal planting 
rates. Barrenness was the plant attribute most closely related to yield. 
The extent of sterile superiority was markedly affected by the genotype and 
the physical environment during the growing season. In this investigation, 
the response of hybrids and inbreds, varying in population tolerance, and 
their cytoplasmic male-sterile counterparts to plant populations was 
studied. The purposes of this study were (1) to further identify which 
morphological characters of corn grown at high population are associated 
with tolerance to population and (2) to determine which morphological char­
acters of corn grown at low population are useful in predicting tolerance 
to population. 
The genotypes included in this study differed markedly in their 
response to increased population. Due to the lack of population stress, 
there were no barren stalks at the low population for any of the hybrids 
and essentially none for the inbreds. Most of the genotypes that had been 
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previously classified as tolerant or intolerant (see Materials and Methods') 
responded to the population increase accordingly. The main exception was 
P 3306, which was previously reported to be a population tolerant hybrid 
but responded as an intolerant hybrid. For this study, population toler­
ance was defined as the ability of a plant to produce a cob with at least 
one-fourth of its surface covered with grain when grown at a population of 
approximately 99,000 plants per hectare. Barrenness for the normal cyto­
plasms at the high population ranged from 12.7% for 336 x 025 to 80.7% for 
071 X 705 in 1968 and from 1.2 to 41.4% for P 60715 and 071 x 705, respec­
tively, in 1969. The difference between years was not due entirely to the 
different hybrids used, since the average barrenness for the seven hybrids 
common to Experiments 1 (1968) and 2 (1969) was 42.4 and 17.2% for 1968 and 
1969, respectively- The soil at the 1968 research site is more droughty 
than the soil at the 1969 site. Also, the weather conditions were con­
sidered more favorable during the 1969 growing season. The four experiments 
conducted in 1969 were adjacent to each other and occupied a land area of 
approximately two hectares, therefore, temperature and precipitation were 
identical and soil types very similar for all four experiments. Unlike 
Cardwell's (1967) findings, the later planting date did not cause a differ­
ential response between tolerant and intolerant genotypes, but barrenness 
was greater for the later date of planting. 
As was found for the normal hybrids, the male-sterile hybrids had con­
siderably fewer barren stalks in 1969 than in 1968. More important was the 
observation that, on the average, the sterile hybrids had 10.1 and 6.8% 
fewer barren stalks than the normal versions in 1968 and 1969. Barrenness 
for the two cytoplasmic types was not different for the inbreds because the 
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large negative response for sterility obtained with B37 cancelled the sig­
nificant positive response obtained with Oh43 and Wf9. For 21 comparisons 
(sum of the hybrids used in Experiments 1 and 2) between the N and T cyto­
plasms, Tcms genotypes had less barrenness than their normal counterparts 
in 16 comparisons (seven significantly). In general, male-sterility 
appeared to reduce the barrenness for the population intolerant genotypes 
such as 071 x 705 and P 3306 more than for the population tolerant geno­
types such as 336 x 025 and X4905A; however, there were substantial reduc­
tions in plant barrenness by some tolerant genotypes as exemplified by A632 
X A619 and 336 x 029. These results are in agreement with the work of 
Schwanke (1965) and Meyer (1970). B37, which was the most intolerant 
inbred, had much higher barrenness for the Tcms versions, demonstrating 
that the response to male sterility is dependent on genotype. 
Several researchers have found a high correlation between yield and 
barrenness at high populations. The results from this study were in agree­
ment with these findings. The two experiments that did not have significant 
correlation coefficients had rather low barrenness values. The yields were 
much lower in 1968 than 1969 for the same reasons that barrenness was 
greater. 
In general, those hybrids which had the largest grain yields at the 
low population also had the largest percentage of barren stalks and, con­
sequently, the lowest yields at the high population. This was especially 
true in 1968 when the stress was apparently greater. This was not the case 
for the inbreds, where there appeared to be little, if any, relationship 
between the yields at Che two populations. The inbreds did not conform to 
this yield relationship, probably because the relationship depends on 
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stress conditions. The inbreds should have been under less interplant com­
petition and stress since the LAI was about 35% smaller for the inbreds 
than for the hybrids. The lower barrenness for the inbreds supports this 
view. 
The high yields at the low population were the result of large ears or 
multiple ears per stalk. When the population was increased, hybrids with 
• the large ears tended to have a large reduction in ear size and high bar­
renness, whereas hybrids with the multiple ears tended to have a smaller 
reduction in ear size but produced only one ear per plant. Therefore, 
hybrids that had high yields at the low population due to multiple ears 
usually had higher yields at the high population than those that had high 
yields due to large ears. However, barrenness was usually lowest, grain 
yields at the high population highest, and reduction in ear size least for 
those hybrids that had the smallest ears at the low population. Due to the 
barrenness response of B37, the inbreds did not follow this pattern as well, 
but still the'inbreds with the smallest ears at the low plant density had 
less reduction in ear size and, in general, produced the largest grain 
yields. 
If the genotypes were divided into two groups, tolerant and intolerant, 
it could be seen in Experiments 1 and 2 that intolerant hybrids had the 
largest ears at the low population, but tolerant hybrids had the largest 
ears at high population. Furthermore, the percentage decrease in ear D.W. 
as population was increased was greatest for the intolerant genotypes in 
all the experiments except Experiment 5, in which the one-eared and multi-
eared types were compared. In that experiment, there was essentially no 
difference between the response of the tolerant and intolerant hybrids. 
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The average ear size for the ten hybrids in Experiment 5 was much smaller 
than for the hybrids in the other experiments at the low population but not 
at the high population. 
The Terns hybrids had higher yields for 14 of the 21 comparisons at the 
high population, but only six of these were significant. The yield advan­
tage obtained from Terns was much greater in 1968 than in 1969 when only 
071 X 705 gave a significantly higher yield for the sterile than for the 
fertile version. In fact, in 1969 the mean yield for the Tems genotypes 
was lower (not significantly) than for the N genotypes even though the Tems 
genotypes had fewer barren plants. Duviek (1958) also found that the 
extent of sterile superiority was greatly affected by genotype and the 
physical environment during the growing season (especially during the flow­
ering period). The above data agrees with Duviek's (1965) observation that • 
male-sterile forms tended to outyield their normal cytoplasm counterparts 
only when the plants were under relatively severe stress. The plants in 
1968 were obviously under greater stress. 
In general, the more population intolerant hybrids responded to Tems 
with larger increases in yield (at least percentage-wise) than did the more 
tolerant hybrids. 071 x 705 did not give a significant yield increase from 
the Tems in 1968 because of the low numerical yield for the N version, but 
it had one of the largest responses percentage-wise. 
In Experiment 2, seven of the eight Tems hybrids had less barrenness 
(four significantly), but only three had larger yields (one significantly). 
This was caused by the 9% smaller ears for the Tems versions. In Experi­
ment 1, about one-half of the Tems hybrids had smaller and about one-half 
had larger ear D.W.s with the net result being no difference in ear D.W. 
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due to cytoplasms. The effect of male-sterility on the weight of the ear, 
therefore, appeared to vary with the environment and the hybrid. Schwanke 
(1965) observed that the yield advantage of the steriles was due primarily 
to reduced barrenness and, to a lesser extent, larger ear weights. Meyer 
(1970) found that generally the ear weight was not affected by male-
sterility. However, in this study, approximately one-half of the Terns 
hybrids had smaller ears at both populations and seven of the eight Tcms 
hybrids had smaller ears at both populations in Experiments 1 and 2, respec­
tively. Part of the generally lower ear D.W. of the Tcms hybrids in 1969 
may have been caused by their susceptibility to corn leaf blights which 
were more prevalent in 1969. Also, the Tcms hybrids lodged (included 
broken stalks) more than the N hybrids in 1969 after the storm on Septem­
ber 6. The photosynthetic and translocation capacities were undoubtedly 
reduced due to the lodging. 
The differences in barrenness and ear size explain the differences in 
grain yield for tolerant and intolerant genotypes and for N and T cytoplasm 
at both populations. The casual factors of the differences in barrenness 
and ear size are not so easily defined. One of the most noticeable rela­
tionships with barrenness was the differential for the PS to S interval. 
Hybrids at the low population reached PS and S at approximately the same 
time. Even the intolerant hybrids such as 071 x 705 only had a PS to S 
interval of 2.8 days. At the high population, this interval ranged from 
0.0 to 13.7 days. The tolerant hybrids usually had the smallest and the 
intolerant the largest intervals. The intervals for the inbreds only 
ranged from 3.0 to 5.3 days; consequently, barrenness was not closely 
related to this character with this group. Many workers have noted the 
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lengthening of the time between anthesis and silking as population 
increases. Moss and Stinson (1961), Schwanke (1965), Cardwèll (1967), 
Barley et al. (1967), and Meyer (1970) also have noted that intolerant 
hybrids have a larger anthesis to silking interval than those more tolerant. 
The PS to S interval differential between two population densities was 
really a measure of the delay in silking at the high population, since days 
to PS was not usually affected by population to any great extent. Eastin 
(1970) has noted that the distribution of photosynthate to the ear from the 
leaves above the ear was less at a population about twice as large as is 
normally planted (and comparable to the high population used in these 
experiments). He concluded that the difference was probably due to the 
fact that the synchrony of developmental events in corn is generally 
changed by population pressure. This would result in vegetative growth 
extending past silking and increased competition with the ear for photo­
synthate as a function of the prolonged vegetative growth at high popula­
tion. 
The lack of viable pollen at the time the late silks emerged on the 
extremely intolerant genotypes may be a possible cause of barrenness, but 
Earley et al. (1966) obtained a high degree of barrenness in some hybrids 
even when all plants were hand pollinated with viable pollen. Tatum and 
Kehr (1951) suggested from circumstantial evidence that lack of sufficient 
moisture on the silk surface to germinate pollen sometimes may be a limit­
ing factor in pollination. However, researchers conducting experiments 
under irrigated conditions have obtained high barrenness (Cardwell, 1967). 
Days to S and, to a lesser extent in some experiments, the interval 
from 25 to 75% silking also were found to be closely related to barrenness. 
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The tolerant hybrids tended to silk earlier and more rapidly than the 
intolerant hybrids. The silking interval was not closely related to bar­
renness for the hybrids in Experiment 5 or the inbreds, but days to S was 
closely related to barrenness for the inbreds. 
On the average, Tcms genotypes reached S significantly earlier (1.7 
and 2.1 days, respectively, for hybrids and inbreds) than the genotypes 
with N cytoplasm at the high population. The Tcms inbreds had an earlier 
S date (1,3 days), but there was no difference in days to S between cyto­
plasm types for hybrids at the low population. Thus there was a cyto­
plasms X populations interaction for days to S. The silking interval was 
usually decreased more at the high than low population by the Tcms geno­
types, but the decrease was not significant even at the high population. 
Moss and Stinson (1961) reasoned that silks emerge late on the intolerant 
hybrids because of a slow rate of growth and suggested that hybrid differ­
ences in population tolerance were due to differences in the translocation 
patterns of photosynthate. Eastin's (1970) translocation data for three 
different hybrids support the theory of Moss and Stinson (1961). 
In many of the earlier studies (usually with plant populations less 
than 50,000 plants per hectare) full-season hybrids gave the highest yields. 
However, there are several reasons why short- or mid-season hybrids (which 
silk earlier) might produce fewer barren plants and/or higher yields when 
grown under conditions of severe stress caused by lack of moisture or 
nutrients and/or high populations. Early-season hybrids usually reach the 
reproductive stage before the main moisture stress period begins. Early-
season hybrids flower earlier, have a shorter vegetative growth period, and, 
therefore, a smaller stature than a full-season hybrid. If there is a 
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shortage of nutrients, the smaller plant would have an advantage because 
less of the nutrients is needed for vegetative growth. Also, at high popu­
lations, the light distribution and, consequently, the photosynthate distri­
bution might be more favorable for plants with a smaller stature. Eastin 
(1970) reported that at approximately 104,000 plants per hectare for one 
hybrid, an LAI of 1.5 was represented in the top four leaf positions in the 
canopy and an LAI of 2.0 in the top five leaf positions. Consequently, a 
major portion of the incoming light would be intercepted in the top por­
tions of the canopy and considerably less than one-half the photosynthate 
generated in that portion of the canopy would make its way to the ear at 
silking. In addition, Heichel and Musgrave (1969) found a significant nega­
tive correlation between silking date and mean photosynthetic rate for 15 
varieties. They explained that this correlation might be due to a leaf 
weathering or leaf aging effect. 
The silk and ear length of the top ear at PS for the high population 
were closely associated with barrenness for the hybrids, except in Experi­
ment 5. The ear and silk lengths were greatly reduced by increasing popu­
lation, with the silks giving a greater response than the ears. Likewise, 
the intolerant hybrids were much more responsive to the population change 
than were the tolerant hybrids for these two characters. Usually by this 
stage of plant development, the tolerant hybrids, such as A632 x A619, 336 x 
029, and B37 x Oh43, had silks that were longer than the ear, whereas intol­
erant hybrids, such as 071 x 705, W£9 x C103, and C103 x 0h43, had silk 
lengths that were only small fractions of the ear length. In general, 
there was not a close relationship between the population tolerance of a 
hybrid and its ear or silk length at the low population. The sterile ver-
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sion of the hybrids had basically no affect on the ear and silk lengths at 
the low population. However, at the high population, these two characters 
had considerably larger values for the Terns cytoplasm. Again, the response 
was greater for silk length than for ear length. It appeared that the 
sterile cytoplasm imparted some type of mechanism that went into action no 
later than the beginning of anthesis, which increased the population toler­
ance of the hybrids. These results, in general, agree with those of Sass 
and Loeffel (1959) who stated that the highly critical period was the 
"...final phase of differentiation of the ear and the elongation and exten­
sion of silks". A comparison of the silk lengths at the three stages of 
development at the high population in Experiment 2 indicated that the 
greater silk lengths for Tcms hybrids compared to N hybrids at seven days 
after PS was a result of earlier initiation and/or more rapid rate of growth 
for the Tcms hybrids. 
The ear and silk length results for the inbreds were similar to those 
for the hybrids, except that B37, which was the most intolerant, had smaller 
values for the sterile version. This still agrees with the barrenness 
observed, but no ready explanation is available for its reverse response. 
The hybrids in Experiment 5 did not show a close association between silk 
or ear length of the top ear and barrenness. The reduction in these values, 
when population density was increased, was not as great as in the other 
experiments. Part of the lack of agreement could be due to the lower bar­
renness values for the hybrids in Experiment 5, but even for the range of 
barrenness (0.6 to 19.9%), the values for these characters were not pro­
portional to the population tolerance expressed by the hybrids. The hybrids 
included in this experiment were probably more diverse than those in the 
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other experiments, which may account for the failure of these hybrids to 
fit the trends observed for the other hybrids. For example: (1) there 
were large differences in maturity, over 17 days difference in days to S at 
the low population; (2) the NRl hybrid produced one small ear and was pop­
ulation tolerant, whereas the other single-eared hybrid (P 3773) produced 
by far the largest ear of any hybrid in the experiment but was almost as 
tolerant as NRl f; and (3) the two most prolific hybrids had many dissimi­
larities in their other characters. 
The number of second ears per plant was related significantly to grain 
yield and barrenness for three of the four experiments containing hybrids. 
The exception was Experiment 5, which was originally included with the 
expectation that the results would show that multi-eared hybrids had 
greater population tolerance. Instead, this was the only group of hybrids 
that did not support this view. No explanation was attempted for the dis­
crepancy concerning the results of Experiment 5 except there must be more 
than one mechanism by which a hybrid can obtain population tolerance. The 
number of second ears and grain yield had a large, but nonsignificant, cor­
relation coefficient for the inbreds. No relation existed between barren­
ness and number of second ears for the inbreds. Tcms genotypes usually 
produced slightly more second ears than did N counterparts. Zuber and 
Grogan (1956) and Collins et al. (1965) noted that prolific hybrids were 
more stable to population changes than single-eared hybrids because of 
their multi-eared character and thus have a higher optimum population. If 
the two-eared hybrids are more tolerant to high population, as most of the 
data indicated, it may be due to a decreased apical dominance, i.e. more 
competitive ear sinks in relation to the tassel. Tcms genotypes usually 
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produced slightly more second ears (significantly more in 1968, when the 
stress was greater) than did the N counterparts. 
When decreasing the competitive ability of the tassel, either through 
the use of cytoplasmic male sterility or removal of the tassels, Leonard 
and Kiesselbach (1932), Grogan (1956), Duvick (1958), Chinwuba et al. 
(1961), Schwanke (1965), and Meyer (1970) have all reported decreased bar­
renness and increased yield for the majority of varieties or hybrids when 
grown under stress conditions of low moisture, low fertility, and/or high 
plant population. In the first three experiments of this study, it was 
found that tassel D.W.s were approximately twice as large for the N as for 
the Terns genotypes. The tassel D.W. was more closely correlated to grain 
yield for the N than for the Tcms genotypes. The correlation coefficients 
for tassel D.W. and barrenness were not greatly affected by cytoplasm type, 
but the coefficients were very small for Experiments 2 and 3. Except in 
Experiment 4, tassel D.W. was not significantly related to grain yield or 
barrenness at the high population. However, at the low population, the 
coefficients were usually higher (but still not significant for Experi­
ments 2 and 3). Tassel D.W. was usually more closely related to barrenness 
and grain yield at PS than at TE, indicating that the period during the 
latter stages of pollen production was the period of greatest competition 
between the tassel and the ear shoot. This agrees with the findings of 
Sass and Loeffel (1959) that no differences between high and low popula­
tions in ear length or development as late as six days before silking, but 
by incipient silking significant population effects were evident. Bonnett 
(1954) and Collins (1963) reported severe suppression of ear development 
until tassel elongation was nearly complete. Duncan et al. (1967) and 
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Hunter et al. (1969) have attributed part of the yield response from detas-
seling to the increase radiant flux reaching the leaves. However, Hunter 
et al. (1969) did not find any difference in barrenness, and the yield 
increase was due primarily to more kernels per row. Tassel size may affect 
grain yield through ear size by reducing the radiant flux reaching the 
leaves, but it would appear that the effect of this reduction would not be 
great enough in the two-week period following TE during which barrenness is 
usually determined. 
If the detrimental effect of the tassel on grain yield or barrenness 
is by light interception or metabolite competition or a combination of 
these, one would expect a close relationship at the higher population, but 
such was not the case. A possible explanation might be that as population 
was increased, the tassel size decreased proportionately more than the 
remainder of the plant. The results from Experiment 1 show that the tassel 
actually constituted proportionately more of the plant D.W. at the higher 
population. 
Eastin's (1970) work also demonstrates the competition between tassel 
and ear during the silking period. During the first four days after silk­
ing, the upper leaves in general contributed about equally to the upper 
stem and tassel and to the ear, whereas 20 days later all of the leaves 
above the ear contributed photosynthate primarily to the ear. Perhaps one 
reason why there is not a closer relationship between tassel D.W. and bar­
renness or yield also is shown by Eastin's (1970) data. Although the 
photosynthate was divided about equally between (1) upper stem and tassel 
and (2) ear, the tassel alone only received about 10% of the former at 
silking time. The synchrony of development appears inferior since the 
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plant is trying to produce two reproductive organs at different spatial 
locations and vegetative growth as well. 
Grain per unit of leaf area at the low population was a fairly good 
indicator of grain yield at the high population. The correlation coeffi­
cients were significant for the hybrids and even larger for the inbreds, 
but it was nonsignificant. The coefficients were smaller and nonsignifi­
cant for barrenness. In contrast to grain per unit of leaf area, it was 
apparent from the data for this study that there was no assurance that the 
genotypes which produced the largest grain yields per unit of land area at 
the low population would do so at the high population. Thus, it was 
implied that the more efficient grain producing plants had smaller LAs at 
the low population. In general, the same situation prevailed at the high 
population. Whether the more efficient plants had a higher photosynthetic 
rate, a more favorable photosynthate distribution pattern, or a combina­
tion of these was not known. According to the literature, any one of these 
could be possible. 
Corn plants which have evolved at the low population levels in the 
majority of nurseries are not optimally fit individuals for a high plant 
population cultural environment, according to Eastin (1970). If genotypes 
that will give high grain yields at high populations are desired, it would 
appear that they should be selected under high population conditions. Such 
a breeding program would have a number of disadvantages. During some 
stages of the program, there would not be enough seed to produce a high 
population stand. During the stages when there would be enough seed, the 
requirement of relatively large land areas, the need for border rows, addi­
tional planting equipment, additional labor, and time in making the 
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extremely large number of hand pollinations and harvesting are deterrents 
to such a program. 
Instead of using high population densities in the early stages of the 
breeding programs, a more fruitful alternative might be for the breeder to 
define what he wants for timing of developmental events, morphology, leaf 
area, storage organ size and placement, storage organ numbers per plant, 
etc. and proceed to select for them at low population. 
Several such characters were measured at the low population and sub­
jected to regression analysis in an attempt to predict grain yield and bar­
renness at the high population. The same characters were often useful in 
equations for both grain yield and barrenness. The characters found to 
contribute the most to the prediction equations for grain yield and, also, 
found to be the most consistent for all experiments included days to S, S 
interval, PS to S interval, D.W. of the top ear, D.W. of 100 seed, number 
of second ears, and tassel D.W. at PS. Characters such as grain per unit 
of LA and various silk lengths contributed to the equations but are not of 
practical use because they are time consuming and/or destructive to measure. 
It is hoped that the prediction equations presented for each of the 
experiments in this study will be of practical use to the corn breeder. 
This might take the form of direct application or, more likely, provide a 
starting point for developing regression equations of his own. It is rec­
ognized by the author that the failure of being able to run a combined anal­
ysis for the affects of years and hybrids restricts the direct application 
of these equations. It is recognized, also, that plants having very similar 
morphology may not have similar photosynthate distribution patterns, toler­
ance to population, etc. Therefore, there is undoubtedly a limit to the 
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above approach of selection. In this respect, it is suggested that the 
final stages of selection be performed under high population conditions. 
% 
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SUMMARY 
Several corn hybrids and a few inbreds were grown at both low and high 
populations in 1968 and 1969. The 1968 experiment was planted at an early 
and late date. Several of the genotypes were selected on the basis of 
their expected response to increased population. The Terns counterpart of a 
number of hybrids also was used. One part of the study consisted of deter­
mining the relationships of a number of plant characters and grain yield 
under high population conditions. The other part of the study was an eval­
uation of the usefulness of characters of plants grown at the low popula­
tion to predict their tolerance to population. 
In this study, it was observed that male-sterile cytoplasm affected 
agronomic characters of the hybrids and inbreds in addition to preventing 
pollen production. The magnitude of the male-sterile response for the 
various characters was determined by the hybrid, population, and environ­
ment in which the comparisons were made. However, except for tassel size, 
the male-sterile response was small or nil at the low population. 
Hybrids from the early planting set ears on 9.4% more plants than at 
the late planting. Male sterility reduced barrenness much more for the 
late date of planting. Tcms hybrids had 10.1 and 6.8% fewer barren stalks 
than the fertile hybrids at the high population in 1968 and 1969. Average 
barrenness for the two cytoplasm types was not different for the inbreds, 
although some individual responses were different. Male-sterility appeared 
to reduce the barrenness for the population intolerant hybrids such as 
071 X 705 and P 3306 more than for the population tolerant hybrids such as 
336 X 025 and X4905A. However, there were substantial reductions in plant 
181 
barrenness by some tolerant genotypes as exemplified by A632 x A619 and 
336 X 209. The hybrids had no barren stalks at the low population. 
Barrenness was rather closely related to yield at the high population. 
The two experiments that did not have significant correlation coefficients 
had rather low barrenness values. The late date of planting produced a 16% 
smaller grain yield. The yields were much lower and barrenness much higher 
in 1968 than 1969. The intolerant hybrids usually had the higher yields at 
the low population and the lower yields at the high population when com­
pared to the tolerant hybrids. In general, the more population intolerant 
hybrids responded to male sterility with larger increases in yield than did 
the more tolerant hybrids. 
The intolerant genotypes usually produced larger ears at the low popu­
lation and smaller or equal ear size at the high population than did the 
more tolerant genotypes. Cytoplasmic male-sterile hybrids had 9% smaller 
ear D.W.s in 1969 but were not different from the fertile hybrids in 1968 
at the high population. At least part of the ear D.W. response was due to 
seed size. Kernel weight was reduced by a mean of 2.1 to 3.1 g per 100 seed 
when the population was increased and by 1.6 g for the Tcms hybrids at the 
high population in Experiment 2. There was no cytoplasm effect at the low 
population. 
Each of the hybrids reached PS and S on approximately the same day at 
the low population. At the high population, the PS to S interval for the 
hybrids ranged from 0.0 to 13.7 days. The intervals for the inbreds only 
ranged from 3.0 to 5.3 days. The tolerant hybrids usually had the smallest 
and the intolerant the largest intervals. 
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The hybrids had a smaller PS to S interval at the earlier planting 
date. Days to PS was not usually affected by populations, but days to S 
was increased considerably by increasing plant density. The tolerant 
hybrids silked earlier and more rapidly than the intolerant hybrids at the 
high population. On the average. Terns genotypes reached S earlier than the 
genotypes with N cytoplasm at the high population. The silking interval 
was usually decreased more at the higher population by the Tcms genotypes, 
but the decrease was not significant even at the high population. There 
was usually a close relationship between barrenness and the PS to S inter­
val and/or days to S. 
The silk and ear length of the top ear at PS for the high population 
were closely associated with barrenness for the hybrids. This association 
was not usually observed at the TE stage. Ear and silk lengths were 
greatly reduced by increasing population, with the silks giving the greater 
decrease. Ear and silk lengths at PS stage were larger for the earlier 
planting date. 
Tassel D.W.s were approximately 50% as large for the high as for the 
low population. Tcms genotypes had tassels that weighed only about 50% as 
much as did the N genotypes. The effect of male sterility was of about 
equal magnitude at both populations. Tassels were usually larger for the 
more intolerant genotypes. Tassel D.W.s were approximately 0.75 g larger 
and the tassel-plant D.W. ratio 0.5% larger for the earlier planting. Cor-
a 
relation coefficients for tassel D.W. with barrenness or grain yield were 
not greatly affected by type of cytoplasm. Usually these coefficients were 
larger for tassel D.W. at the lower population and for tassel D.W.s meas­
ured at PS. 
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The number of second ears per plant was related significantly to grain 
yield and barrenness for three of the four experiments containing hybrids. 
The exception was Experiment 5 which contained prolific hybrids, as well as 
one-eared hybrids that were population tolerant. No relationship existed 
between barrenness and number of second ears for the inbreds. Tcms geno­
types generally produced slightly more second ears than did the N counter­
parts. Early planting resulted in 21% more second ears. 
Mean plant height was increased about 18% with the increase in popula­
tion. Plant height was less for the Tcms hybrids at the high population. 
The ear-plant height ratio was affected in a manner similar to plant height. 
Neither of these two characters were closely related to barrenness or grain 
yield, but there was a slight trend for shorter plants to be less barren. 
Plant lodging was higher for Tcms than N genotypes at the high population 
indicating an inferior stalk quality. 
Plant height was related positively to LAI and genotypes with the 
smallest LAI at the high population were frequently less barren. Cytoplasms 
did not greatly affect LAI. LA per plant was decreased by 25% or more for 
some hybrids when population was increased. Grain per unit of LA was 
approximately three times greater at the lower population. The tolerant 
genotypes had the greater grain production per unit of LA at both popula­
tions. The relationship between grain per unit LA and LAI was negative for 
both populations. Using grain per unit LA values at the low population and 
grain yield and LAI values at the high population, it was calculated that 
there was about a 60% grain yield loss due to interplant competition. 
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The characters measured at the low population were subjected to regres­
sion analysis in an attempt to predict grain yield and barrenness at the 
high population. Characters found to make the most consistent and largest 
contribution to the prediction equations for grain yield included days to 
S, silking interval, PS to S interval, D.W. of the top ear, D.W. of 100 
seed, number of second ears, and tassel D.W. at PS. Characters such as 
grain per unit of LA and various ear and silk lengths contributed to the 
equations but are not of practical use because they are too time consuming 
and/or are destructive measurements. It was suggested that these or simi­
lar equations might be used in a breeding program to select genotypes that 
are population tolerant. 
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Appendix Table LOI. 1^68 Ames, Iowa, Li'iuporaCuro ami prooipl tnt ion il.-ita 
April May June 
Daily Daily Daily Daily Daily Daily 
Day of Temp. (°C.) precip. Temp. (°C.) precip. Temp. (°C.) precip. 
month Max. Min. (cm) Max. Min. (cm) Max. Min. (cm) 
1 14 -4 28 10 26 13 .13 
2 13 1 .03 32 11 31 12 
3 18 7 2.92 30 11 .18 32 13 
4 19 -2 T 21 7 33 17 
5 7 -7 16 1 32 18 
6 17 -2 19 8 32 18 
7 18 6 .13 18 9 .81 32 20 
8 15 4 23 7 32 18 
9 19 0 21 6 32 17 1.68 
10 20 1 19 2 31 18 .13 
11 30 6 18 2 23 16 5.59 
12 28 17 22 3 23 13 
13 22 11 24 9 29 13 
14 16 2 1.35 27 13 1.32 29 15 2.26 
15 21 -1 31 12 24 9 
16 22 7 .08 28 6 .56 21 10 
17 21 9 18 4 25 13 .13 
18 18 6 1.07 17 3 .15 28 18 .05 
19 14 9 .74 16 3 .20 28 15 
20 17 10 1.85 17 6 32 17 
21 21 4 19 6 32 26 
22 18 11 .23 18 6 .08 29 14 
23 16 6 6.83 21 9 .13 32 18 1.17 
24 9 -2 21 6 28 17 3.78 
25 11 -2 20 11 .89 27 16 3.33 
26 18 1 12 10 1.57 16 9 1.80 
27 19 4 19 8 21 8 .03 
28 21 8 .15 22 7 31 11 T 
29 23 3 18 9 .15 32 17 3.02 
30 29 7 23 9 28 17 
31 19 13 .08 
'erage 
• total 19 4 15.32 21 7 6.12 28 59 23.10 
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Appendix Table 101. (Continued) 
July August September 
Daily Daily Daily Daily Daily Daily 
Day of Temp. (°C.) precip. Temp. (°C.) precip. Temp. (°C.) precip. 
month Max. Min. (cm) Max. Min. (cm) Max. Min. (cm) 
1 24 12 22 11 22 11 .03 
2 24 11 27 12 28 11 
3 26 10 28 17 29 16 
4 27 15 27 18 .13 25 14 6.05 
5 28 16 34 21 .10 21 8 .08 
6 28 17 .89 35 22 19 8 
7 29 17 1.24 34 20 1.42 28 10 .15 
8 31 17 31 19 3.96 26 15 .03 
9 31 17 29 19 20 12 .03 
10 26 12 29 15 21 7 
11 29 14 23 11 23 8 
12 31 18 .20 26 12 24 7 
13 31 18 1.07 30 14 28 9 
14 32 20 30 14 27 10 
15 32 21 28 18 .15 27 9 
16 30 21 .61 31 21 .08 20 17 .08 
17 28 19 .13 31 12 20 12 .69 
18 29 20 24 14 .38 17 12 .10 
19 29 16 31 21 T 18 9 T 
20 29 15 .05 33 20 22 7 
21 33 18 33 22 26 13 .05 
22 32 17 34 23 27 17 
23 28 20 35 22 24 19 T 
24 28 19 .08 33 14 .08 23 10 
25 29 17 25 11 23 5 
26 29 18 23 11 1.35 23 6 
27 28 19 .69 23 12 22 8 
28 26 12 23 12 21 9 
29 27 13 23 12 20 10 3.61 
30 29 16 T 23 15 .56 27 10 
31 27 16 .76 22 16 .25 
rerage 
• total 29 17 5.72 29 16 8.46 23 11 10.87 
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Appendix Table 101. (Continued) 
October 
Daily Daily 
Day of Temp. (°C.> precip. 
month Max. Min. (cm) 
1 28 16 .13 
2 27 12 
3 13 2 
4 15 -2 
3 14 2 .53 
6 18 7 .94 
7 21 3 
8 18 11 2.16 
9 15 9 1.63 
10 18 1 
11 21 7 
12 22 12 
13 21 17 T 
14 29 17 
15 29 19 
16 27 19 .18 
17 19 6 1.65 
18 9 3 .05 
19 13 -1 T 
20 19 1 
21 23 6 
22 21 7 
23 15 5 T 
24 13 1 T 
25 13 -3 
26 21 1 
27 18 1 .18 
28 23 -1 T 
29 14 -4 
30 18 1 
31 28 4 
erage 
• total 19 6 7.44 
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Appendix Table 102. 1969 Ames, Iowa, temperature and precipitation data 
May June July 
Daily Daily Daily Daily Daily Daily 
Day of Temp. C°C.) precip. Temp. (°C.) precip. Temp. (°C.) precip. 
month . Max. Min. (cm) Max. Min. (cm) Max. Min. (cm) 
1 24 11 .25 24 9 26 12 
2 26 13 .56 17 6 28 17 T 
3 27 13 .79 24 3 28 16 1.52 
4 26 12 28 12 ro
 
00
 
31 19 .10 
5 26 13 .43 32 12 28 19 
6 26 15 .56 32 17 26 15 .56 
7 23 12 .08 26 16 1.17 20 16 .69 
8 16 8 .79 22 12 .10 26 18 .69 
9 17 4 .03 22 10 27 20 2.18 
10 17 1 .28 26 9 31 18 
11 15 3 .10 26 17 1.50 31 19 
12 20 0 22 11 2.77 33 21 
13 23 9 19 6 33 21 
14 24 8 19 9 .43 33 24 
15 27 11 22 8 32 23 
16 27 17 .18 23 9 33 24 
17 22 9 1.85 26 14 33 21 .79 
18 15 7 .03 29 14 30 22 
19 16 7 .15 29 17 27 20 .03 
20 18 5 .10 23 9 26 17 
21 16 5 1.83 24 12 26 14 
22 14 4 .08 25 15 .61 29 15 
23 16 9 20 13 .20 29 18 .23 
24 24 7 24 14 29 17 
25 26 12 27 13 T 30 16 
26 29 14 .05 26 17 4.55 31 19 5.18 
27 32 17 27 14 .05 24 14 
28 32 18 27 14 .79 26 14 .33 
29 31 19 31 17 1.93 28 16 
30 30 14 28 17 .76 28 16 
31 28 14 .03 26 18 .15 
'erage 
total 23 10 8.15 25 12 15.14 29 18 12.45 
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Appendix Table 102. (Continued) 
Augus t September October 
Daily Daily Daily Daily Dai ly Dail; 
Day of Temp. (°C.) precip. Temp, (°c.) precip. Temp. (°C') preci; 
month Max. Min. (cm) Max. Min. (cm) Max. Min. (cm) 
1 26 14 23 12 .03 26 16 T 
2 26 14 24 10 22 12 .23 
3 27 13 27 12 29 12 
4 26 13 27 18 .08 29 13 
5 30 16 29 18 .15 28 14 .30 
6 32 20 28 18 .51 19 3 .79 
7 32 21 .51 25 14 3.84 18 4 
8 31 13 24 13 17 3 
9 31 17 20 6 24 9 
10 28 17 22 8 23 8 
11 29 16 23 12 1.88 16 5 .28 
12 30 16 27 11 14 4 1.65 
13 29 19 27 14 6 2 .69 
14 28 16 27 16 4.04 9 -3 
15 28 14 26 18 T 9 0 .25 
16 28 18 23 14 7 2 .69 
17 31 18 22 9 11 -2 
18 30 17 21 12 11 2 
19 29 19 21 12 16 8 1.30 
20 27 19 3.56 23 8 16 7 .03 
21 25 16 24 8 18 1 
22 26 14 24 14 .25 16 -3 
23 31 13 19 9 9 -2 
24 27 12 18 3 12 2 
25 28 14 24 9 .36 15 0 
26 28 14 26 8 13 2 
27 29 16 25 9 .25 5 -6 
28 31 19 23 8 9 -6 
29 31 20 26 8 11 -2 T 
30 31 17 24 9 9 3 1.30 
31 30 17 1.07 9 4 2.74 
Average 
or total 29 16 5.14 24 11 11.38 16 4 10.25 
Table 103- Plant characters and response of 13 fertile hybrids and their 
male-sterile counterparts to two population levels in Experi­
ment 1, 1968 
Grain Barren Ear Days Silking Days Tasse 
Cyto­ Plant yield stalks D.W. to rate to weigh 
Hybrid plasm pop. (kg/ha) (%) (8) S (%/day) PS (g) 
B14 X 577 F Low^ 2894 240 71.0 28 72.0 9.11 
S U 3137 235 72.0 31 3.55 
F High 5275 36.8 78 77.1 13 72.5 4-10 
S 6855 16.9 98 74.9 20 1.93 
P 3510 F Low 3094 289 72.5 25 71.1 10.79 
S 3094 301 71.3 30 5.87 
F High 5597 48.0 88 79.6 8 71.4 5.68 
S 6956 25.2 96 73.8 24 2.03 
336 X 025 F Low 2276 193 68.1 34 69.6 6.68 
S 2564 216 68.0 31 3.36 
F High 6631 12.7 86 70.8 21 69.8 4.44 
S 6147 12.7 78 70.6 15 1.22 
336 X 029 F Low 2662 204 66.6 40 66.0 6.07 
S 2696 182 66.8 27 6.75 
F High 6650 22.7 92 69.1 19 69.9 3.68 
S 7862 8.8 92 68.5 19 1.63 
071 X 705 F Low 3219 243 75.1 31 74.3 13.60 
S 3016 324 74.0 30 8-46 
F High 1552 80.7 61 81.4 10 74.6 5.81 
S 2292 64.7 54 79.4 12 2.47 
P 3306 F Low 3681 262 73.5 44 72.4 9-75 
S 3948 261 73.3 34 4-29 
F High 6482 48.6 95 78.8 14 73.6 4.17 
S 6659 26.8 83 77.5 17 1.91 
SX 29 F Low 3264 283 73.9 24 74.5 11.33 
S 3570 260 73.5 35 6.13 
F High 6081 25.1 85 78.9 15 75.1 4-65 
S 5207 33.8 66 76.8 19 3-07 
^Low = 
^High : 
: 9,880 plants per hectare after thinning. 
= 98,880 plants per hectare after thinning. 
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Tassel PS-S % Plant % D.M. Grain- D.W. of D.W. of Grain 
volume interval tassel D.W. of stover 1st ear 2nd ear D.W. ratio 
(ml) (days) D.W. (g) stover ratio (kg/ha) (kg/ha) (%) 
45.9 -1.0 4.0 227 14.5 1.18 2370 687 28.4 
32.1 1.9 190 14.1 1.72 2430 883 35.1 
22.6 4.6 4.1 99 14.6 0.53 5571 
17.3 2.0 95 13.5 0.77 7240 
63.1 1.4 5.7 196 15.0 1.63 2907 361 12.1 
48.4 3.0 195 14.6 1.75 2993 274 9.1 
29.8 8.3 6.8 86 14.1 0.65 5911 
17.2 2.4 89 14.5 0.75 7347 
34.2 -1.5 3.4 200 14.5 1.24 1874 530 25.5 
26.5 1.6 203 14.7 1.34 2127 581 29.1 
23.9 1.0 5.5 81 13.5 0.89 7004 
12.2 1.6 76 13.2 0.88 6493 
36.4 0.6 3.3 184 15.1 1.81 1951 860 43.8 
42.6 3.6 180 13.7 1.86 1774 1073 61.0 
22.9 2.3 4.9 76 13.0 0.83 7024 
14.6 2.1 77 12.1 1.08 8304 
70.9 0.9 5.5 251 14.1 1.46 3400 0 0 
57.8 4.1 215 12.4 1.33 3173 12 0.4 
31.2 6.8 5.9 99 12.9 0.18 1640 
21.1 2.7 101 13.5 0.22 2421 
48.5 1.1 4.4 222 14.1 1.82 2564 1324 51.9 
37.2 2.0 219 14.3 1.96 2632 1538 58.4 
21.9 5.1 4.4 94 13.6 0.64 6847 
14.6 2.1 95 13.1 0.66 7034 
62.3 -0.6 5.4 210 14.9 1.67 2767 680 24.5 
44.7 2.6 241 14.8 1.68 2618 1152 45.0 
27.7 3.8 4.6 104 14.5 0.61 6423 
22.9 2.6 103 14.3 0.51 5500 
Table 103. (Continued) 
Grain Barren Ear Days Silking Days Tasse 
Cyto­ Plant yield stalks D.W. to rate to we igh: 
Hybrid plasm pop. (kg/ha) (%) (g) S (%/day) PS (g) 
A632 X A619 F Low 3011 213 66.0 41 65.3 7.32 
S 3148 229 65.8 45 5.34 
F High 7444 22.3 100 67.6 17 65.6 6.34 
S 8408 8.7 95 66.9 27 2.42 
WF9 X C103 F Low 2643 297 72.9 25 70.3 13.29 
S 2727 282 72.0 18 5.62 
F High 2965 64.3 75 82.0 6 70.6 8.53 
S 4392 50.5 87 76.5 10 2.97 
Oh43 X B37 F Low 3139 243 68.3 26 69.4 7.95 
S 3178 252 68.3 31 4.98 
F High 5003 34.7 73 71.6 15 70.3 5.05 
S 7381 20.8 93 71.5 15 1.92 
XL-45 F Low 2260 243 65.9 34 65.6 9.96 
S 2393 236 66.4 40 4.06 
F High 5725 34.6 79 69.5 15 66.6 5.56 
S 5913 43.5 88 68.5 18 2.45 
PX 610 F Low 3272 214 68.0 24 71.3 7.43 
S 3560 234 68.3 28 4.52 
F High 6374 28.1 92 73.6 11 72.4 4.08 
S 7569 14.9 95 72.9 14 2.10 
UH 138 F ' Low 2946 278 68.8 32 68.5 14.58 
S 3364 240 68.8 30 6.98 
F High 6203 29.9 87 73.0 10 69.8 7.58 
S 6891 29.7 83 72.1 16 2.50 
Tassel PS-S % Plant % D.M. Grain- D.W. of D.W. of Grain 
volume interval tassel D.W. of stover 1st ear 2nd ear D.W. ratio 
(ml) (days) D.W. (g) stover ratio (kg/ha) (kg/ha) (%) 
47.4 0.8 3.8 186 14.4 1.80 2098 1083 51.1 
36.7 3.2 174 12.3 1.95 2280 1046 45.6 
35.1 2.0 7.7 82 12.1 0.89 7863 
21.7 2.8 92 12.9 1.01 8881 
66.9 2.6 6.0 223 14.7 1.23 2791 0 0 
47.8 2.8 200 14.2 1.34 2865 15 0.5 
43.5 11.4 8.7 100 13.1 0.39 2132 
27.8 3.8 79 11.8 0.64 4639 
43.7 -1.1 4.3 185 12.9 1.80 2413 903 37.3 
34.6 2.6 191 13.1 1.72 2414 942 39.7 
26.1 1.4 5.9 86 12.6 0.65 5284 
16.9 2.1 92 13.5 0.84 7796 
62.2 0.3 5.6 178 15.3 1.38 2376 11 0.5 
32.2 2.3 176 12.4 1.45 2325 203 8.8 
34.5 2.9 7.3 76 12.3 0.79 6047 
23.5 2.7 89 13.4 0.65 6245 
45.2 -3.2 3.3 225 13.7 1.44 2141 1315 60.0 
39.5 2.0 227 12.7 1.73 2317 1485 65.4 
24.9 1.3 4.9 86 12.2 0.80 6733 
18.3 2.1 100 13.3 0.77 7995 
70.5 0.3 6.3 229 15.0 1.46 2679 432 15.5 
55.3 3.0 231 14.7 1.57 2473 1080 42.0 
41.7 3.3 8.0 96 13.3 0.72 6553 
26.9 2.6 95 13.6 0.76 7279 
Table 103. (Continued) 
Ear length at PS Ear weight at PS 
Cyto- Plant #1 #2 #2/#l #1 #2 #2/#l 
Hybrid plasm pop. (mm) (mm) (%) (g) (g) (%) 
B14 X 577 F Low 150 116 77.6 2.18 1.18 53.5 
S 142 107 76.4 1.95 0.94 52.7 
F High 84 26 30.9 0.62 0.06 10.2 
S 111 30 27.0 1.18 0.08 6.8 
P 3510 F Low 117 86 73.8 2.09 0.84 42.2 
S 127 94 74.4 2.84 1.09 41.3 
F High 49 14 28.2 0.24 0-00 0.9 
S 80 28 34.8 0.69 0.09 14-7 
336 X 025 F Low 123 100 81.0 1.72 1.27 76.6 
S 141 126 88.8 2.94 2.10 71-0 
F High 94 37 39.2 0.93 0.12 12.2 
S 101 47 46.8 1.08 0.23 21.9 
336 X 029 F Low 128 111 87.1 2.80 1.36 54.2 
S 126 107 85.3 2.33 1.66 73.2 
F High 82 16 20.3 0.88 0.01 2.0 
S 93 43 46.5 1.36 0.19 16.3 
071 X 705 F Low 137 70 50.8 3.44 0.77 22.8 
S 141 89 62.3 4.46 1.36 29.0 
F High 29 9 35.6 0.13 0.00 2.7 
S 66 13 20.5 0.76 0.01 1.7 
P 3306 F Low 97 78 80.3 1.12 0.64 57.3 
S 105 91 86.4 1.39 0.91 65.7 
F High 72 24 33.9 0.50 0.05 15.9 
S 73 48 72.9 0.50 0.07 13.8 
SX 29 F Low 140 104 74.3 2.48 1.36 55.4 
S 148 131 88.1 3.27 2.55 76.8 
F High 65 21 31.3 0.41 0.03 7.4 
S 91 45 49.3 1.03 0.19 16.8 
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Silk length at PS #2 ear Ear no. D.W./ Tiller 
#1 #2 #2/#l D.W. @ mat. ratio Tillers/ tiller grain yield 
(mm) (mm) (%) (g) #2/#l (%) plant (g) (kg/ha) 
288 184 64.0 98 47.5 1.4 101 1897 
263 175 64.0 118 50.6 1.3 96 2065 
109 22 35.4 
165 26 17.6 
265 160 58-5 65 19.9 1.7 90 1079 
311 193 61.0 49 27.5 1.2 94 1387 
36 0 0.0 
123 10 8.3 
249 221 90.0 91 49.3 0.5 68 460 
278 221 79.4 92 67.4 0.9 68 681 
150 18 11.9 
171 42 24.5 
250 204 81.8 109 79.9 1.4 . 60 554 
256 222 86.6 122 89.9 1.4 63 1020 
124 1 1.3 
158 27 18.4 
243 103 40.0 0 0.0 0.7 142 191 
235 144 45.9 9 7.4 0.4 94 129 
15 0 0.0 
91 1 0.8 
177 103 58.6 146 90.0 0.6 78 525 
205 146 71.2 159 95.0 1.2 82 709 
89 5 4.2 
79 9 10.5 
265 177 66.3 103 64.9 2.1 70 1000 
299 253 84.7 126 92.4 1.6 78 1292 
71 6 7.2 
163 34 19.9 
Table 103. (Continued) 
Ear length at PS Ear weight at PS 
Cyto- Plant #1 #2 #2/#l #1 #2 #2/#l 
Hybrid plasm pop. (mm) (mm) (%) (g) (g) (%) 
A632 X A619 F Low 139 116 83.5 2.25 1.48 64.9 
S 162 144 89.1 3.31 2.50 76.4 
F High 98 30 30.2 1.05 0.11 11.6 
S 109 43 38.0 1.34 0.17 10.6 
WF9 X C103 F Low 127 74 58.2 1.56 0.38 24.9 
S 114 81 71.4 1.29 0.49 40.5 
F High 55 14 25.0 0.27 0.01 3.3 
S 74 31 41.2 0.36 0.08 25.5 
Oh43 X B37 F Low 143 125 87.8 2.16 1.63 77.9 
S 132 111 83.6 1.76 1.31 72.0 
F High 88 38 42.4 0.80 0.11 13.1 
S 86 30 35.5 0.79 0-09 11.9 
XL-45 F Low 132 105 79.9 2.50 1.31 53.9 
S 140 118 83.9 3.00 2.27 72.0 
F High 87 21 24.3 0.83 0.03 2.9 
S 97 38 36.8 1.09 0-15 12.4 
PX 610 F Low 177 149 84.9 5.94 3-09 58.8 
S 178 162 91.2 4.55 2-98 70.1 
F High 97 49 50.5 0.92 0.19 21.1 
S 112 58 51.3 1.04 0.16 15.1 
UH 138 F Low 117 101 85.8 1.71 1.20 69.7 
S 120 100 84.0 1.81 1.28 71.3 
F High 67 25 34.6 0.41 0.09 24.8 
S 74 36 47.6 0.48 0.09 17.5 
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Silk length at PS #2 ear Ear no. D.W./ Tiller 
#1 #2 #2/#l D.W. 0 mat. ratio Tillers/ tiller grain yield 
(mm) (mm) (%) (g) #2/#l (%) plant (g) (kg/ha) 
312 251 80.1 130 84.9 1.4 85 1863 
343 313 91.2 131 79.9 1.6 74 2028 
173 10 5.1 
214 52 19.5 
182 50 28.5 0 0.0 0.1 75 11 
147 71 38.1 14 2.5 0-1 50 0 
36 0 0.9 
51 7 12.7 
258 213 82.2 112 74.9 1.0 52 529 
237 189 75.7 140 72.4 1.1 49 970 
133 17 12.9 
122 18 17.6 
247 190 76.8 11 5.2 1.1 90 1291 
262 216 80.6 69 17.4 1.2 82 1503 
118 1 0.8 
146 29 16.2 
302 262 86.4 153 84.9 0.2 63 164 
312 293 94.2 169 87.4 0.3 57 349 
135 33 24.7 
163 16 8.9 
279 216 76.4 80 38.0 0.9 85 410 
270 217 79.7 143 67.4 0.9 79 379 
89 6 6.3 
98 17 16.2 
Table 104. Plant characters and the mean squares for the response of 13 
fertile hybrids and their male-sterile counterparts at two 
dates of planting and two populations in Experiment 1, 1968 
Grain D.W./ Days Silking Tassel 
Source d.f. yield top ear to S rate weight 
Blocks 1 23626* 5919 52.30 774.6 0.11 
Dates (D) 1 29910 605 24192.51** 584.2 32.34* 
Error (a) 1 9839 397 19.51 183.9 0.03 
Population (P) 1 441013* 1392364** 833.20** 13520.7** 719.37** 
D X P 1 3406 3304 1.61 54.0 11.01 
Error (b) 2 10882 1283 6.24 7.6 2.56 
Cytoplasm (C) 1 12255** 335 50.31** 214.4 797.64** 
Hybrids (H) 12 10984** 3341** 217.37** 295.9** 30.22** 
C X H 12 691 984 5.28** 97.8 7.25** 
D X C 1 206 351 0.73 32.5 9.26** 
D X H 12 893 753 6.02** 393.5** 3.70* 
D X C X H 12 329 890 1.85 93.3 3.52** 
P X C 1 5525** 86 33.68** 204.4 29.58** 
P X H 12 9914** 5820** 9.38** 64.0 8.44** 
P X C X H 12 931 1070* 2.45 52.7 2.79** 
D X P X C 1 83 6 8.36* 69.7 17.03** 
D X P X H 12 803 560 1.59 40.4 2.63** 
D X P X C X H 12 451 643 0.80 72.9 1.46 
Error (C) 100 734 557 1.51 99.8 0.82 
Coefficient of 
variation (° 0 19.1 14.2 1.7 28.2 21.4 
^Tiroes 1000. 
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Tassel Percent Plant 7o D.M. of Grain- 1st ear 
volume tassel D.W. stover stover ratio D.W. 
6.5 1.48 145.2 0.33 1.802** 21066* 
2064.5 10.63 60.3 187.57* 1.416** 17536 
18.4 1.96 948.6 0.62 0.001 11588 
>6947.3** 20.49 696187.8** 43.08 41.439** 745639* 
266.1 5.11 2472.9 0.00 0.145 12521 
41.8 6.06 1617.0 5.13 0.052 13853 
6571.1** 428.27** 247.3 4.25 0.471* 9703** 
923.6** 10.42** 2934.8** 5.43** 0.487** 7498** 
95.7** 2.76** 484.6 0.92 0.055 919 
43.3 1.95 73.9 2.86 0.067 187 
47.4 1.52** 984.0** 4.80** 0.134 588 
56.1 2.11** 390.2 1.18 0.039 377 
75.2 28.15** 694.2 6.33* 0.020 9396** 
220.2** 2.06** 863.9** 2.18* 0.200** 15494** 
66.5* 1.84** 318.7 1.63 0.035 877 
161.5* 7.68** 13.0 0.04 0.024 125 
50.2 .96 690.4** 2.71** 0.189** 865 
57.4* .55 280.3 1.75 0.042 407 
31.0 .60 277.1 1.16 0.076 776 
15.5 22.5 11.2 7.8 24.0 20.1 
Table 104. (Continued) 
Ear length at PS 
Source d.f. #1 #2 #2/#l 
Blocks 1 • 21.97 7.43 29 
Dates (D) 1 0.06 0.51 19 
Error (a) 1 23.83 13.97 195 
Population (P) 1 1435.35** 3021.01** 92341** 
D X P 1 20.94* 1.22** 110 
Error (b) 2 0.56 0.00 33 
Cytoplasm (C) 1 47.12** 65.03** 2535** 
Hybrids (H) 12 40.95** 37.77** 951** 
C X H 12 2.47 3.76* 254 
D X C 1 3.20 0.35 442 
D X H 12 12.05** 7.10** 277 
D X C X H 12 . 2.29 2.22 133 
P X C 1 17.19* 1.22 297 
P X H 12 11.16* 8.76** 277 
P X C X H 12 2.68 1.76 223 
D X P X C 1 0.29 0.01 15 
D X P X H 12 2.34 2.42 258 
D X P X C X H 12 1.45 1.28 142 
Error (C) 100 2.54 1.88 199 
Coefficient of 
variation % 146.8 197.2 240.8 
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#1 
Ear D.W. at PS 
#2 #2/#l #1 
Silk length at PS 
#2 nm 
3.79 
2.13 
1.30 
0.123 
0.002 
0.151 
88 
18 
2 
271.6 
0 . 1  
214.7 
55.9 
1.5 
61.3 
407 
223 
214 
171.01** 
5.68* 
0.25 
97.038** 
0.002 
0.022 
112841** 
583 
360 
10606.3** 
203.0** 
1.7 
16158.5** 
9.9 
7.9 
182454** 
78 
133 
3.41** 
5.73** 
0.76 
0.00 
3.81** 
0.32 
0.04 
4.06** 
0.51 
0.09 
1.98** 
0.31 
0.46 
2.528** 
1.991** 
0.294* 
0.171 
0.440** 
0.133 
1.320** 
1.565** 
0.208 
0.127 
0.334** 
0.104 
0.132 
1904** 
1461** 
237 
326 
70 
122 
141 
739** 
110 
4 
204 
136 
152 
243.2** 
259.2** 
24.0 
16.3 
92.0** 
16 .1  
101.8* 
45.8** 
11.9 
4.8 
26.6  
9.0 
17.5 
182.2** 
193.3** 
13.7 
11.9 
52.6** 
11 .6  
18.1 
115.1** 
7.3 
0 . 8  
41.1** 
10.7 
10.9 
1577** 
1829** 
202 
84 
360 
177 
26 
910** 
165 
11 
345 
230 
220 
40.8 46.9 34.9 223.0 318.2 36.0 
Table 104. (Continued) 
Total Ear 
Barren D.W. of Grain D.W./ no 
Source d.f. stalks 2nd ear D.W. ratio 2nd ear ratio 
Blocks 1 430 593* 741* 2108 1596 
Dates (D) 1 2304 5050* 7345** 50583* 11821 
Error (a) 1 13 16 1 48 82 
Cytoplasm (C) 1 2657** 679* 1230* 9174* 2139* 
Hybrids (H) 12 2315** 1875** 3628** 21078** 8913** 
C X H 12 234 85 174 944 221 
D X C 1 1312** 5 4 108 56 
D X H 12 319* 356** 508** 3871** 874** 
D X C X H 12 172 60 108 1067 114 
Error (b) 50 132 96 183 1294 332 
Coefficient of 
variation (%) 35.3 43.5 44.5 38.4 33.9 
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Tillers/ 
plant 
D.W./ 
tiller 
Tiller 
grain 
yield Source d-f. 
Days 
to PS 
PS-S 
interval 
5-087 48681 2134* Blocks 1 17.0 2.46 
2.714 49584 3430 Dates (D) 1 13095.1** 27.01 
1.385 4729 1090 Error (a) 1 0.6 4.65 
0.002 28038 993 Populations (P) 1 12.5 440.35** 
2.150** 12194 3271** D X P 1 2.5 20.35 
0.195 19566 53 Error (b) 2 2.2 2.12 
0.065 15486 430 Hybrids (H) 12 73 - 2** 37.42** 
0.361 14342 282 D X H 12 3.2** 6.12** 
0.154 13368 283 P X H 12 0.3 9.63** 
0-188 14127 441 D X P X H 12 0-7 2.39 
Error (C) 48 0.9 2.07 
275.5 133.9 76.8 Coefficient of 
variation (%) 1.3 68.8 
Table 105. Plant characters and response of eight fertile hybrids and 
their male-sterile counterparts to two population levels in 
Experiment 2, 1969 
Hybrid 
Plants/ 
Cyto harvest 
plasm plot 
Grain 
yield 
(kg/ha) 
Barren 
stalks 
(%) 
Ear 
D.W. 
(g) 
Wt./lOO 
seed Days 
(g) to S 
Silking 
interval 
(days) 
B14 X 577 F 15 .0^ 3762 267 26 .7 77 .5 3 .2 
S 15 
•°d 3766 244 27 .6 77 .1 3 .0 
F 81 .3'^  8756 11 .7 112 23 .7 80 .6 5 .8 
S 82 .3 8197 10 .5 102 23 .0 79 .8 3 .7 
P 3510 F 15 .0 4273 280 24 .4 75 .6 3 .0 
S 15 .0 4322 270 22 .8 75 .5 2 .8 
F 83 .0 7858 16 .3 104 20 .5 82 .1 7 .4 
S 82 .3 8124 4 .5 95 19 .4 79 .4 5 .5 
X4905A F 15. 0 4792 268 25. 3 74. 4 1, .5 
S 15, .0 4498 292 26. 1 74. 2 1. 1 
F 79. 5 8884 8 .1 117 22. 9 80. 2 6. ,1 
S 84. 5 8375 9, .5 100 20, .3 78, .2 4, .7 
336 X 029 F 15. 0 4836 232 26. 3 71. 1 2, .6 
S 15. ,0 4587 210 25. ,3 70. 2 2. ,0 
F 84. ,8 10156 10. ,9 123 21. 9 72. 0 4. ,0 
S 80. 8 9829 1, .5 114 19. 6 71. ,4 3. ,0 
071 X 705 F 15. ,0 4251 363 30. ,4 80. ,0 2. 2 
S 15. 0 4100 348 32. 3 79. .4 3. ,1 
F 77. 3 5787 41. 4 119 24. 3 89. 1 12. 3 
S 85. 5 7102 23. .4 100 23. 9 83. 0 6. 9 
P 3306 F 15. 0 4945 248 23. 8 79. 5 1. 9 
S • 15. 0 4552 226 24. 4 79. 5 2. 1 
F 87. 0 8824 18. 3 114 24. 8 83. 9 5. 5 
S 83. 4 8239 9. 8 100 21. 6 83. 8 5. 6 
^Days from 25 to 75% silking. 
Data from three replications. 
^15.0 = 12,400 plants per hectare (low population). 
^85.0 - 98,800 plants per hectare (high population). 
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PS-S TE-S Tassel D.W. at Plant Ear-plant Grain 
interval interval Days TE PS height^ ht.ratio'^ , /L.A.^ 
(days) (days) to PS (g) (g) (cm) (%) LAI (g/dof) 
-0.2 1.8 77.7 6.9 6.6 223 43.4 0.97 3.21 
-0.6 1.4 2.9 3.1 206 40.9 1.06 2.93 
3.8 6.6 76.8 3.5 4.8 285 44.9 7.08 1.12 
2.9 4.8 2.1 2.2 249 49.8 6.82 1.03 
1.4 5.4 74.2 7.3 12.0 205 44.6 1.01 3.33 
1.3 6.5 5.4 6.1 191 47.3 0.98 3.72 
8.6 11.6 73.5 3.2 5.7 246 52.2 5.73 1.20 
5.9 8.9 2.4 2.6 219 52.6 6.04 1.16 
0.3 4.9 74.0 7.8 9.8 205 45.9 1.03 3.97 
0.2 6.7 4.9 4.7 199 46.5 0.94 3.96 
4.5 11.0 75.7 3.2 4.4 252 52.6 6.17 1.29 
2.5 7.5 1.5 2.5 235 51.5 5.86 1.21 
1.0 6.6 70.0 5.4 6.6 205 40.8 0.84 4.88 
0.2 , 5.2 3.5 3.3 199 42.1 0.82 4.64 
2.0 4.3 70.0 4.0 2.8 242 47.9 5.48 1.53 
1.4 3.9 1.8 1.7 231 49.0 5.95 1.45 
2.8 8.5 77.1 8.6 11.3 222 43.7 1.24 2.84 
2.3 8.2 5.6 5.4 217 42.7 1.19 2.99 
11.0 13.1 78.1 5.1 5.8 262 46.3 8.02 0.74 
4.9 5-7 2.6 2.5 237 48.2 6.75 0.86 
1.6 5.0 77.9 8.0 9.1 219 48.0 1.22 3.41 
1.6 5.0 4.1 4.0 215 48.0 1.29 3.02 
4.4 7.4 79.5 3.7 3.9 254 58.1 7.19 1.04 
4.3 4.3 1.0 1.8 257 58.1 7.31 1.00 
Table 105. (Continued) 
Plants/ Grain Barren Ear Wt./lOO Silking 
Cyto­ harvest yield stalks D.W. seed Days interval 
Hybrid plasm plot (kg/ha) (%) (g) (g) to S (days) 
SX 29 F 15.0 4217 301 27.4 78.6 2.2 
S 15.0 4514 292 28.9 79.4 2.6 
F 84.3 8418 12.2 104 21.6 83.1 4.7 
S 81.3 8900 8.3 110 21.5 81.3 2.6 
XL-45 F 15.0 3643 262 27.0 70.8 3.5 
S 15.0 3605 256 25.0 71.3 2.3 
F 85.3 9611 9.3 114 24.5 70.7 2.6 
S 81.0 8580 5.9 103 21.8 70.7 3.4 
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PS-S TE-S Tassel D.W. at Plant Ear-plant Grain 
interval interval Days TE PS height^ ht.ratio^ /L.A.^ 
(days) (days) to PS (g) (g) (cm) (%) LAI (g/dm^) 
-1.8 8.1 80.5 6.4 10.9 228 45.2 1.03 3.53 
-1.0 8.4 4.6 5.7 224 47.8 1.03 3.79 
3.1 6.6 80.0 3.9 5.6 263 54.4 6.22 1.15 
1.3 3.6 1.8 2.5 251 56.5 6.16 1.30 
0.2 8.8 71.1 5.1 9.2 176 37.3 0.75 3.93 
0.2 10.3 4.1 4.4 169 37.8 0.84 3.65 
1.1 6.7 69.6 4.8 5.5 213 40.5 5.72 1.43 
1.0 5.7 2.8 2.7 192 44.0 4.94 1.54 
Table 105. (Continued) 
Plants/ Potential Relative Ear no. 
Cyto- harvest yield yield Shelling Lodging ratio 
Hybrid plasm plot (kg/ha) (kg/ha) percent percent (%) 
B14 X 577 F 
S 
F 
S 
15.0 
15.0 
81.3 
82.3 
23459 
20421 
38.0 
40.2 
80.6  
76.4 
79.4 
78.2 
61 
40 
40.0 
63.3 
P 3510 F 
S 
F 
S 
15.0 
15.0 
83.0 
82.3 
20296 
22472 
39.3 
36.6 
77.9 
79.1 
84.9 
81.6  
39 
64 
50.0 
58.3 
X4905A F 
S 
F 
S 
15.0 
15.0 
79.5 
84.5 
24682 
23576 
36.3 
35.5 
79.3 
76.7 
79.0 
81.3 
69 
68 
90.0 
68.3 
336 X 029 F 
S 
F 
S 
15.0 
15.0 
84.8 
80.8 
26736 
27873 
38.3 
35.4 
81.5 
81.0 
82.3 
83.0 
100 
100 
98.3 
103.3 
071 X 705 F 
S 
F 
S 
15.0 
15.0 
77.3 
85.5 
23193 
19616 
25.0 
36.4 
76.4 
77.3 
82.5 
80.4 
53 
66 
0 . 0  
5.0 
P 3306 F 
S 
F 
S 
15.0 
15.0 
87.0 
83.4 
24542 
21868 
36.1 
37.7 
77.8 
77.2 
82.7 
80.0 
40 
46 
100.0 
95.0 
SX 29 F 
S 
F 
S 
15.0 
15.0 
84.3 
81.0 
21640 
22980 
39.5 
40.0 
81.4 
79.4 
80.9 
8 2 . 2  
60 
48 
55.0 
76.7 
XL-45 F 
S 
F 
S 
15.0 
15.0 
85.3 
81 .0  
23449 
18083 
41.5 
48.3 
80.8 
78.2 
84.2 
83.9 
59 
53 
43.3 
51.7 
Ear length 
lar D.W. No. of At TE AT PS 7 days after PS 
ratio tillers/ #1 #2 #2/#l #1 #2 #2/#l #1 #2 #2/#l 
(%) 15 plants (mm) (mm) (%) (mm) (mm) (%) (mm) (mm) (%) 
20.9 21.8 126 79 62.6 140 102 72.5 
31.5 18.5 114 75 67.3 132 95 71.3 
69 8 13.9 83 21 25.2 146 19 13.3 
57 12 21.8 97 30 31.4 172 29 16.2 
30.3 23.8 54 42 77.6 87 67 76.7 
36.7 18.0 46 32 69.6 102 84 83.0 
24 12 48.4 51 9 18.1 107 17 15.8 
45 20 44.9 75 34 45.3 131 34 26.1 
53.4 1.8 63 55 85.7 115 95 82.8 
31.4 1.8 58 46 81.4 123 104 84.9 
49 26 53.0 68 31 44.7 125 59 47.2 
56 27 47.6 91 47 51.0 137 56 40.9 
78.3 9.3 54 45 84.1 136 114 84.0 
85.9 15.8 66 59 89.5 138 119 86.3 
61 28 46.6 113 37 33.2 169 43 25.9 
72 45 62.1 118 72 61.6 183 62 33.9 
0.0 9.8 46 30 64.0 102 63 62.5 
0.7 10.8 53 31 59.4 110 65 59.5 
29 5 15.8 43 7 15.8 89 11 11.9 
34 5 14.7 60 14 24.0 120 8 6.9 
70.7 3.8 66 55 84.0 105 87 83.4 
72.0 2.3 69 73 105.0 92 81 90.7 
33 15 45.5 58 20 33.9 114 20 17.2 
53 19 37.9 79 34 43.2 134 33 23.9 
19.9 19.5 46 37 82.0 155 125 80.7 
32.4 21.0 46 36 79.0 141 113 80.7 
49 23 46.4 79 35 43.6 147 39 26.5 
51 18 35.4 80 33 41.6 141 41 29.4 
19.2 17.3 37 27 73.6 136 110 80.5 
20.8 16.3 36 29 81.5 139 116 83.1 
47 17 36,9 114 30 27.0 128 30 23.3 
50 32 65.8 87 44 50.9 150 39 25.4 
Table 105. (Continued) 
Ear dry weight 
Plants/ At TE At PS 7 days after PS 
Cyto- harvest #1 #2 #2/#l #1 #^2 #2/#l #1 #2 #2/#l 
Hybrid plasm plot (g) (g) (%) (g) (g) (%) (g) (g) (%) 
B14 X 577 
P 3306 
SX 29 
F 15.0 1.15 0.51 43.6 1.88 0.95 51.4 
S 15.0 1.04 0.48 46.9 1.27 0.67 51.1 
F 81.3 0,10 0.00 2.2 0.50 0.04 8.3 3.22 0.04 1 
S 82,3 0.19 0.01 2.8 0.57 0.05 9.4 4.40 0.06 1 
XL-45 F 15.0 0.07 
S 15.0 0.06 
F 85.3 0.15 
S 81,0 0.19 
. 1  
.4 
P 3510 F 15.0 0.21 0.10 46.6 0.75 0.32 43.3 
S 15.0 0.19 0.08 45.7 1.22 0.69 57.3 
F 83.0 0,04 0.01 12.6 0.18 0.00 1.8 1.64 0.01 0.7 
S 82.3 0.14 0.03 20.0 0.52 0.07 12.3 2.89 0.07 2.9 
X4905A F 15.0 0.27 0,20 88.1 1.09 0.81 78.4 
S 15.0 0.31 0,20 61.9 1.56 1.13 70.7 
F 79.5 0.16 0,04 24.9 0.34 0.07 19.0 2.08 0,54 26.2 
S 84.5 0.25 0,05 20.1 0.84 0.22 27.7 3.17 0.36 12.8 
336 X 029 F 15.0 0.25 0.18 69.2 1.92 1.72 93.1 
S 15.0 0.44 0.29 66.3 1.82 1.88 141.5 
F 84.8 0.28 0.04 14.8 1.35 0.14 11.0 6.48 0.19 3.5 
S 80.8 0.48 0.14 29.4 1.90 0.45 23.3 8.56 0.28 3.4 
071 X 705 F 15.0 0.18 0.10 58.7 1.14 0.63 52.7 
S 15.0 0.24 0.07 28.8 1.44 0.62 41.5 
F 77.3 0.05 0.00 11,8 0.20 0.01 3.4 2.06 0.02 0.6 
S 85.5 0.11 0.00 1.8 0.37 0.02 4.3 3.61 0.00 0.1 
F 15.0 0.34 0. ,21 61.2 1.13 0.68 61. 8 
S 15.0 0.41 0. 28 69.3 1.17 0.75 64. 3 
F 87.0 0.08 0. 01 11.9 0.48 0.03 11. 7 2.22 0.06 2, .4 
S 83.4 0.17 0. 03 19.0 0.38 0-05 12. 9 2.77 0.09 3. 2 
F 15.0 0.13 0.09 67.9 2.06 1.29 63.8 
S 15.0 0.15 0.08 50.7 1.77 1.19 68,8 
F 84.3 0.17 0.04 23.0 0.43 0.08 20.0 3.96 0. 08 2.1 
S 81.0 0.17 0.03 12.8 0.54 0.07 12.6 3.33 0. 17 5.1 
0.03 49.7 2.23 1.37 61.3 
0.06 108.5 2.44 1.50 61,5 
0.03 21.7 1.02 0,07 7.1 2.81 0.08 2.8 
0.07 41.8 0.68 0.11 17.3 3.38 0.33 10.1 
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Silk length 
At TE At PS 7 days after PS 
#1 #2 #2/#l #1 #2 #2/#l #1 #2 #2/#l 
(mm) (nun) (%) (mm) (mm) (%) (mm) (ram) (%) 
199 97 47.6 255 153 59.9 
192 78 40.7 236 140 57.3 
5 0 0.0 82 4 5.0 221 6 2.7 
28 0 0.0 123 5 5.9 278 15 5.4 
23 8 22.3 133 55 39.9 
26 7 17.4 226 120 53.1 
1 0 0.0 23 0 0.0 184 0 0.0 
11 0 0.0 87 7 6.8 238 19 8.3 
44 24 47.1 192 121 62.8 
57 9 14.6 226 173 77.1 
28 0 0.0 61 8 12.2 236 69 28.8 
48 3 7.1 135 37 27.0 256 74 28.3 
26 14 . 25.1 249 214 84.6 
55 34 62.5 269 227 84.4 
42 0 0.0 201 19 8.8 272 36 13.3 
77 11 14.3 228 84 35.4 272 52 18.7 
7 0 5.0 147 51 35.3 
19 1 5.2 176 55 30.7 
2 0 0.0 19 0 0.0 147 2 1.1 
10 0 0.0 56 0 0.0 239 0 0.0 
56 32 56.2 200 125 62.4 
64 29 45.1 150 106 96.5 
7 0 0.0 29 1 3.0 202 9 5.0 
20 3 0.2 73 4 4.5 250 11 4.4 
7 1 10.4 302 219 72.5 
9 2 16.6 271 209 77.2 
27 3 10.4 102 5 5.0 252 12 5.0 
25 4 8.0 105 8 6.5 279 27 9.8 
1 0 0.0 233 182 77.5 
1 0 0.0 232 192 82.0 
19 0 0.0 160 5 4.2 215 15 6.6 
23 4 13.1 104 9 8.7 262 10 3.7 
Table 106. Plant characters and the mean squares for the response of eight 
fertile hybrids and their male-sterile counterparts at two pop­
ulation levels in Experiment 2, 1968 
Grain Ear Wt/100 Days Silking 
Source d.f. yield^ D.W. seed to s interval 
Blocks 3 1761 215 1.9 1.3 3.3 
Populations (P) 1 560752** 867413** 587.0** 378.5** 248.1** 
Error (a) 3 2086 1246 9.4 1.9 0.3 
Cytoplasm (C) 1 371 3234** 17.4** 27.7** 24.3** 
Hybrids (H) 7 5404** 6440** 48.4** 324.5** 19.7** 
C X H 7 724** 310 5.2* 4.8** 2.1 
P X C 1 4 1 24.4** 22.5** 17.3** 
P X H 7 4150** 7438** 16.6** 19.9** 19.3** 
P X C X H 7 517* 273 2.0 3.7** 5. 8** 
Error (b) 90 229 160 2.5 1.1 2.5 
Coefficient of 
variation (%) 7.5 6.7 6.5 1.3 41.2 
*Times 1000. 
^Data for three replications. 
Ear length 
Source d.f. 
At TE At PS 
#1 #2 #2/#l #1 #2 #2/#l 
Blocks 3 3.42 1.65 109 2.30 1.3 24 
Populations (P) 1 51.03** 241.82** 46451** 536.56** 1356.1** 56454** 
Error (a) 3 1.26 0.53 76 4.13 0.2 91 
Cytoplasm (C) 1 3.65 4.15* 229 7.47* 22.6** 1926** 
Hybrids (H) 7 45.10** 15.16** 2388** 58.87** 41.3** 1250** 
C X H 7 2.30 1.98 337* 4.69** 3.6* 179 
P X C 1 4.49 1.42 3 7.72* 13.3** 1038** 
P X H 7 19.42** 16.04-wt 393* 8.86** 5.3** 88 
P X C X H 7 1.14 1.00 211 3.47* 0.7 106 
Error (b) 90 1.31 0.84 142 1.61 1.3 102 
Coefficient of 
variation (%) 20.9 27.5 20.3 12.5 18.1 17.5 
^Times 0,0001 
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Ear-
TE-S Tassel D.W. at Plant plant Grain Shelling 
interval TE PS height^ ht.ratio^ LAI^ /LA^ percent 
2.62 1.16 0.33 83 1.9 0.51 0.45 8.3 
14.51* 231.29** 382.23** 32124** 1026.0** 680.09** 140-62** 263.1** 
0.31 0.43 0.67 103 4.3 0.57 0-17 11.4 
50.63** 160.50** 426.98** 4063** 26.8* 0.28 0-01 31.8** 
51.68** 4.95** 17.70** 3931** 213.1** 2.48** 1.90** 28.1** 
5.44** 1.78* 2.46** 193 2.6 0.25 0-09 3.2 
82.40** 3.28 43.49** 653* 7-1 0.32 0.02 2.9 
40.12** 5.12** 5.11** 181 13.0* 1.14** 0.49* 12.7** 
5.84** 1.34 0.48 54 7.8 0-25 0.06 11.6** 
1.31 0-83 0.61 124 4.2 0-15 0.08 3.9 
17.2 21.1 14.7 4.9 4.3 10.7 11.9 2.5 
Ear dry weight 
At TE At PS 
#1= #2^ #2/#l #1* #2* #2/#l 
200 80 283 235 93 932 
9220** 7371** 59936** 26671** 27134** 92510** 
81 50 173 82 106 619 
1031** 111 40 397 200 978 
4509** 843** 2005** 2468** 1098** 2913** 
162 71 1418** 280* 81 508 
215 5 126 81 0 21 
4521** 957** 215 696** 553** 1459 
48 8 379 190 35 281 
110 53 420 125 66 853 
41.1 66.2 53.2 32.1 46.9 73.9 
'L'abJo 106. (Continued) 
Silk length 
Source d.f. 
At TE At PS 
#1 #2 #2/#l #1* #2® #2/#l 
Blocks 3 3.48 1.90 286 256 166 199 
Populations (P) 1 213.13** 122.19** 16459** 45564** 57581** 105851** 
Error (a) 3 1.48 2.08 355 219 95 115 
Cytoplasm (C) 1 35.98** 0.02 54 1194** 580* 1790* 
Hybrids (H) 7 167.92** 33.29** 1378** 3544** 2031** 2252** 
C X H 7 3.88 2.18 520* 509** 182** 222 
P X C 1 2.99 1.36 240 317 1 6 
P X H 7 174.74** 35.55** 1694** 613** 1051** 922** 
P X C X H 7 1.16 0.95 329 227 106 267 
Error (b) 90 2.64 1.53 193 160 85 266 
Coefficient of 
variation (%) 44.9 108.9 95.0 2.52 3.67 44.0 
Source d.f. 
Barren 
stalks 
Poten­
tial 
yield^b 
Re la-
tive 
yield^ 
Lodg­
ing 
percent 
Ear 
no. 
ratio 
Ear 
D.W. 
ratio 
No. of 
tillers 
Blocks 3 46 12475 38.6 3901** 854* 190 12.5 
Cytoplasm (C) 1 751** 12695 12.1 4 506 87 1.6 
Hybrid (H) 7 557** 29957** 113.1* 2484** 7994** 5850** 472.6** 
C X H 7 79** 10690 23.6 429 413 232* 26.2 
Error 45 22 7660 41.5 601 223 101 14.8 
Coefficient of 
variation (%) 37.2 12.3 17.0 40.7 23.9 26.6 29.2 
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Days 
PS-S to 
Source d.f. interval PS 
Blocks 3 1.3 2.62 
Populations (P) 1 281.4** 0.11 
Error (a) 3 0.7 1.56 
Hybrids (H) 7 40.1** 114.15** 
P X H 7 13.0** 2.72** 
Error (b) 42 1.1 0.76 
Coefficient of 
variation (%) 12.6 1.2 
Plants/ Ear length 7 days Ear D.W. 7 days Silk length 7 days 
harvest after PS after PS after PS 
plot #1 #2 #2/#l #1 #2C #2/#l #1 #2 #2/#l 
6.79 4.92 1.01 33.1 1.50 
0.06 53.84** 10.62* 115.8 14.52** 
11.50 41.50** 19.96** 882.6** 23.02** 
42.71 2.71 1.42 69.8 1.32 
22.05 2.56 1.81 85.7 1.51 
157 19.5 7.5 3.99 57.1 
344 0.0 287.4** 8.88 67.2 
1663** 305.2** 60.4** 43.95** 669.2** 
292* 70.8** 17.7 1.54 30.4 
131 18.8 9.1 6.05 89.3 
5.7 11.7 39.9 38.6 34.7 76.3 68.7 12.6 110.0 107.4 
Table 107. Plant characters and response of five fertile inbreds and their 
male-sterile counterparts at two population levels in Experi­
ment 3, 1969 
Plants/ Grain Barren Ear Silking PS-S 
Cyto­ harvest yield ness D.W. Days interval® interval 
Inbred plasm plot (kg/ha) (%) (g) to S (days) (days) 
A632 F 15.Qb 2288 101 78.8 4.6 1.1 
S 15.0 2610 124 75.0 4.0 (-2.7)C 
F 83.3d 6940 4.4 80 80.6 4.9 3.0 
S 80.7 7176 4.9 86 76.0 5.2 (-1.6) 
A619 F 15.0 1609 138 73.3 3.4 1.3 
S 15.0 1429 121 74.4 4.0 (2.3) 
F 88.0 5583 5.3 61 75.5 6.3 3.1 
S 87.3 4856 5.0 54 77.5 4.9 (5.1) 
0h43 F 15.0 1318 110 79.9 4.5 2.9 
S 15.0 1485 108 76.8 3.3 (-0.3) 
F 81.0 4330 9.7 54 82.7 2.5 5.3 
S 82.0 6467 1.7 74 76.9 3.9 (-0.5) 
B37 F 15.0 1979 128 82.1 2.0 0.9 
S 15.0 1937 135 81.7 3.0 (0.5) 
F 76.0 5086 19.6 76 86.9 4.7 4.1 
S 79.0 4084 34.5 72 85.5 3.5 (2.7) 
WF9 F 15.0 1472 125 79.8 2.4 1.3 
S 15.0 1808 134 79.5 3.1 (0.9) 
F 77.0 4249 15.0 60 83.3 3.6 3.6 
S 81.7 5459 7.4 66 82.7 4.3 (3.0) 
^Days from 25 to 75% silking. 
^15.0 = 12,400 plants per hectare, low population. 
^Pollen shedding data from the fertile counterpart was used for this 
calculation. 
^85.0 = 98,800 plants per hectare, high population. 
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TE-S Tassel D.W. at Plant Ear-plant Grain 
interval Days IE PS height ht. ratio /LA 
(days) to PS (g) (g) (cm) (%) LAI (g/dm^) 
5.1 77.7 3.5 3.4 175 39.9 0.63 3.07 
5.0 2.2 2.0 171 40.4 
6.9 77.6 2.6 2.4 205 44.5 4.10 1.47 
6.3 1.2 1.0 200 47.4 
11.3 72.1 4.5 7.6 121 29.1 0.45 3.02 
10.1 3.8 3.2 136 29.8 
9.9 72.5 3.7 2.0 152 32.4 3.59 1.27 
9.5 2.6 2.2 151 31.1 
14.5 77.1 5.4 10.7 124 38.7 0.54 2.08 
11.5 4.3 4.2 131 32.7 
13.7 77.4 4.7 5.9 164 40.3 3.49 1.12 
10.2 2.7 2.0 166 38.2 
2.8 81.2 2.7 3.1 182 45.0 0.73 2.28 
4.1 1.4 1.8 169 45.7 
8.9 82.8 1.5 1.6 211 52.1 4.79 1.02 
7.5 0.8 1.3 208 52.9 
9.8 78.5 4.4 6.9 165 40.7 0.85 1.48 
10.8 3.4 3.5 163 44.4 
9.9 79.7 2.9 4.1 184 47.3 4.87 0.83 
9.0 3.2 1.5 181 47.5 
Table 107. (Continued) 
Plant/ Potential Relative Ear no. Ear D,W. No, of 
Cyto- harvest yield yield Lodging ratio ratio tillers/ 
Inbred plasm plot (kg/ha) (kg/ha) percent (%) (%) 15 plants 
A632 F 15.0 112 97 0.0 
S 15.0 102 80 1.7 
F 83.3 12604 55.4 92 
S 80.7 73 
A619 F 15.0 11 2 0.7 
S 15.0 6 3 0.0 
F 88.0 10853 51.3 50 
S 87.3 53 
0h43 F 15.0 15 3 0.7 
S 15.0 57 17 0.0 
F 81.0 7258 60.2 40 
S 82.0 65 
B37 F 15.0 66 37 0.0 
S 15.0 55 27 0.0 
F 76.0 10950 46.9 38 
S 79.0 57 
WF9 F 15.0 15 5 0.0 
S 15.0 31 18 1.0 
F 77.0 7214 60.7 42 
S 81.7 78 
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Ear length Ear dry weight 
At TE At PS At TE At PS 
#1 #2 #2/#l #1 #2 #2/#l #1 #2 #2/#l #1 #2 #2/#l 
(mm) (nun) (%) (mm) (mm) (%) (g) (g) (%) (g) (g) (%) 
70 77 110 176 115 68 0.34 0.47 174 1.45 1.07 75 
87 76 90 102 108 107 0.56 0.44 77 1.86 0.38 21 
61 31 50 95 48 51 0.31 0.07 20 0.82 0.14 20 
54 35 67 119 58 54 0.17 0.09 59 1.11 0.22 25 
21 19 91 119 74 59 0.03 0.02 67 2.04 0.67 35 
35 29 81 133 101 77 O.IO 0.05 51 2.30 1.11 60 
41 13 31 95 59 59 0.10 0.02 17 1.01 0.25 21 
44 13 31 118 59 48 0.13 0.01 6 1.98 0.84 42 
27 19 73 123 71 58 0.03 0.01 44 1.52 0.53 33 
32 23 77 156 118 76 0.06 0.01 28 2.80 1.53 54 
35 13 34 70 13 19 0.07 0.01 10 0.3S 0.02 8 
37 16 40 122 48 40 0.10 0.02 22 1.42 0.18 12 
80 66 82 115 94 81 0.58 0.29 51 1.76 0.97 55 
84 64 76 123 97 79 0.68 0.43 63 2.10 1.11 52 
80 20 66 83 42 44 0.30 0.17 44 0.68 0.37 56 
62 25 41 77 47 58 0.24 0.31 166 0.58 0.32 51 
35 32 86 93 64 69 0.13 0.09 60 1.59 0.41 26 
41 31 76 138 107 77 0.15 0.05 36 3.52 1.49 43 
37 17 45 62 33 53 0.05 0.01 17 0.26 0.05 19 
34 21 63 76 40 52 0.07 0.02 33 0.44 0.06 14 
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Table 107. (Continued) 
Silk length 
Plants/ At TE At PS 
Cyto- harvest #1 #2 #2/#l #1 #2 #2/#l 
Inbred plasm plot (mm) (mm) (%) (mm) (mm) (%) 
A632 F 15.0 63 71 116 330 208 65 
S 15.0 66 52 85 150 199 132 
F 83.3 32 0 0 141 18 13 
S 80.7 15 0 0 195 43 25 
A619 F 15.0 0 0 0 196 110 51 
S 15.0 2 0 0 194 157 77 
F 88.0 4 0 0 137 66 30 
S 87.3 9 0 0 186 84 40 
Oh43 F 15.0 0 0 0 196 81 38 
S 15.0 10 0 0 258 199 76 
F 81.0 1 0 0 106 0 0 
S 82.0 4 0 0 206 50 24 
B37 F 15.0 90 51 57 207 136 65 
S 15.0 99 48 47 218 135 61 
F 76.0 20 0 0 97 22 17 
S 79.0 38 0 0 87 32 26 
WF9 F 15.0 17 10 33 195 77 39 
S 15.0 21 6 19 264 178 67 
F 77.0 4 0 0 55 0 0 
S 81.7 5 0 0 97 7 8 
Table 108. Plant characters and the mean squares for the response of five 
inbreds and their male-sterile counterparts at two population 
levels in Experiment 3, 1969 
Grain Ear Days Silking TE -PS 
Source d.f. yieId^ D.W. to S interval interval 
Blocks 2 787 436 8. ,07 2. 95 0 .34 
Populations (P) 1 197617** 44088** 102. 44* 13. 63 7 .63 
Error (a) 2 167 215 2. ,13 0. ,91 1 .07 
Cytoplasm (C) 1 905 253 43. 69** 0. ,01 11 .44* 
Inbred (I) 4 4968** 430** 138. 61** 5. ,88* 101, . 74** 
C x i  4 1634** 311* 20. 03** 0. ,54 5, .25 
P X C 1 235 0 2. 24 0. 08 3. 55 
P X I 4 1708** 858** 4. 51 3. 13 18, .61** 
P X C X I 4 1042* 176* 1. 32 3. 18 1, 45 
Error (b) 36 298 67 2. 18 1. 48 2, 46 
Coefficient of 
variation (%) 15.1 8.6 1. 9 31. 2 17. ,8 
^Times 1000. 
Barren Lodging Ear no. Ear D.W. No. of Plants/ 
Source d.f. stalks percent ratio ratio tillers plot 
Blocks 2 52.5 3271* 147 77 0.700 75.10* 
Cytoplasm (C) 1 0.1 1268 306 1 0.533 8.53 
Inbred (I) 4 539.7** 1172 8907** 7373** 0.550 88.38** 
I X C 4 128.8** 678 773** 281** 1.617 12.62 
Error 18 19.4 568 101 52 0.922 13.80 
Coefficient of 
variation (%) 41.0 70.5 21.4 25.0 240.1 4.6 
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Ear length 
Tassel D.W. at Plant 
height 
Ear-plant 
ht. ratio 
At TE 
TE PS #1 #2 #2/#l 
3,86 1.82 285 20.5* 3.70 0.70 520 
4.78 58.58** 12264** 348.1** 1.15 79.81* 21161** 
1.19 0.45 112 0.7 1.54 1.21 128 
31.21** 115.60** 4 0.2 0.72 1.07 100 
7.01* 29.75** 6780** 606.1** 52.18** 32.79** 1020* 
3.51 9.14** 117 18.8 1.01 0.08 207 
2.53 5.77** 23 0.0 6.99 0.09 494 
3.32 3.25** 186* 11.5 5.98* 9.71** 441 
2.25 0.74 71 6.1 0.61 0.36 371 
2.65 0.37 52 7.5 2.04 0.52 225 
49.4 16.7 4.3 6.7 28.7 22.5 22.9 
PS-S Days Grain 
Source d.f. interval to PS LAI /L.A. 
Blocks 2 2.76 13.19 0.08 0.037 
Populations (P) 1 40.83 3.33 93.27** 11.595** 
Error (a) 2 2.67 7.14 0.03 0.004 
Inbred (I) 4 4.18 75.27** 0.95** 1.223** 
P X I 4 0.41 0.72 0.38** 0.300** 
Error (b) 16 1.76 "L15 0.05 0.036 
Coefficient of 
variation (%) 73.9 1.9 9.3 10.8 
Table 108. (Continued) 
Source d.f. 
Ear length Ear dry weight 
At PS At TE 
#1 #2 #2/#l #1") #2b #2/#l 
Blocks 2 15.2 3.34 50 286 8 464 
Populations (P) 1 194.1** 379.08** 11240** 1122 2265 12140 
Error (a) 2 0.9 0.59 44 351 196 5893 
Cytoplasm (C) 1 27.1* 43.55* 1680* 8 209 579 
Inbred (I) 4 20.7* 8.93 802* 4622** 2145** 7853* 
C x i  4 20.7* 8.01 225 113 219* 5535 
P X C 1 10.1 5.21 447 993 43 17800* 
P X I 4 3.6 5.45 270 561 713** 5745 
P X C X I 4 18.7* 3.45 370 334 19 2977 
Error (b) 36 6.5 6.42 261 293 65 2539 
Coefficient of 
variation (%) 23.3 36.2 26.3 26.1 34.5 38.9 
^Times 10 
Potential Relative 
Source d.f. yield® yield 
Blocks 2 1280 32.2 
Hybrids ' 4 17581** 104.6 
Error 8 2430 80.4 
Coefficient of 
variation (%) J.0.0 16.5 
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Ear dry weight Silk length 
At PS At TE At PS 
#L #2b #2/#l #1 #2 nun #1 C
M
 
#2/#l 
0.84 938 2033 1.45 0.05 92 0.76 0.33 93 
17.69** 69429** 1177 82.60* 279.58** 15632** 12.21* 20.06** 35676** 
0.10 210 3250 2.39 0.05 77 0.25 0.02 65 
4.05* 11316* 868 2.26 1.06 496 0.58 2.01* 7091** 
0-46 1571 5628 83.77** 26.00** 5377** 0.65 0.50 1755** 
1.47 4555 3023 1.63 0.47 64 0.93* 0.33 627 
1.59 2081 1115 0.46 1.06 364 1.14 0.32 1274 
1.38 1806 3365 25.91'''* 26.00** 5310** 0.66 0.50 1037 
0.93 4165 2506 0.85 0.47 274 0.85* 0.21 443 
0.84 1918 3145 1.18 1.68 560 0.30 0.31 415 
49.2 54.2 56.2 43.4 28.6 37.4 31.2 30.6 27.8 
Table 109. Plant characters and response of 15 hybrids at two population 
levels in Experiment 4, 1969 
Plants/ Grain Barren Ear Wt/100 Silking 
harvest yield stalks D.W. seed Days interval^ 
Hybrid plot (kg/ha) (%) (g) (g) to S (days) 
A619 X A632 15.0= 4027 254 29.6 70.1 3.0 
85.Od 10126 8.7 119 73.7 5.3 
B37 X A632 15.0 4872 237 29.7 74.3 1.7 
84.7 9949 6.8 115 80.9 5.3 
Wf9 X A632 15.0 5166 273 29.0 74.5 1.5 
83.3 8508 9.6 104 79.9 7.5 
Oh43 X A619 15.0 2293 174 22.9 76.4 2.3 
80.3 6963 6.7 85 81.6 4.9 
B37 X A619 15.0 4575 290 30.9 71.2 2.3 
78.3 9599 9.0 124 77.5 4.9 
B37 X Oh43 15.0 5738 260 25.6 74.7 1.4 
81.7 9741 6.7 117 79.8 3.6 
Wf9 X Oh43 15.0 3909 270 24.5 73.7 3.5 
84.0 9126 6.0 106 77.9 6.3 
Wf9 X B37 15.0 4987 287 24.1 74.9 2.3 
84.7 8341 14.0 105 79.6 3.5 
C103 X B37 15.0 3745 240 30.9 78.1 3.7 
52.3 9165 1.9 164 82.1 4.2 
C103 X Wf9 15.0 3566 305 26.4 76.0 2.1 
82.0 7458 28.0 116 82.8 6.0 
0h43 X A632 15.0 4094 226 39.4 74.3 2.6 
83.7 9457 11.1 117 45.6 77.1 5.7 
^Days from 25 to 75% silking. 
Data from two replications. 
^15.0 = 12,400 plants per hectare (low population). 
^85.0 = 98,800 plants per hectare (high population). 
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PS-S TE-S Tassel D.W. at Plant Ear plant Grain 
interval interval Days TE PS height ht. ratio , /L.A.^ 
(days) (days) to PS (g) (g) (cm) (%) LAI (g/dm^) 
-0.2 5.1 70.3 
3.3 6.4 70.4 
-0.1 4.3 74.4 
6.3 9.6 74.7 
2.0 7.9 72.5 
7.2 10.6 72.7 
1.9 14.1 74.5 
7.1 12.6 74.5 
0.6 6.5 70.6 
4.8 9.1 72.7 
0.5 8.1 74.3 
5.4 9.1 74.4 
2.3 10.4 71.4 
5.6 10.6 72.3 
1.4 9.9 73.5 
6.7 13.6 72.9 
-2.3 6.5 80.1 
2.5 7.4 79.6 
2.8 8.3 73.2 
9.1 11.5 73.7 
0.9 6.3 73.5 
3.8 6.7 73.3 
6.1 7.7 193 
5.3 4.3 227 
4.6 5.0 222 
2.5 3.6 266 
7.7 9.3 226 
5.7 5.8 254 
5.3 9.9 151 
4.8 6.1 193 
8.0 9.5 198 
5.3 5.4 238 
6.6 9.5 202 
5.1 5.3 250 
10.1 14.8 197 
6.1 7.4 228 
7.2 11.1 217 
4.9 6.0 248 
6 . 2  8 . 8  2 1 8  
4.1 6.0 262 
11.1 14.5 225 
6.0 7.2 255 
8.7 8.2 209 
4.5 6.2 241 
34.7 0.81 4.47 
39.3 5.51 1.65 
41.8 1.05 4.02 
48.8 6.59 1.24 
41.7 1.08 4.01 
50.8 6.28 1.25 
35.8 0.62 3.40 
39.8 4.87 1.36 
42.1 1.01 3.81 
47.1 6.91 1.35 
40.9 0.90 4.51 
48.0 6.94 1.29 
39.6 0.92 3.70 
44.6 6.53 1.21 
45.2 1.18 3.56 
53.9 7.46 1.01 
45.8 1.07 2.64 
47.4 6.97 1.92 
42.4 1.16 2.54 
47.4 6.84 1.01 
39.4 0.96 3.72 
45.6 6.15 1.33 
Table 109. (Continued) 
Plants/ Grain Barren Ear Wt/100 Silking 
harvest yield stalks D.W. seed Days interval^ 
Hybrid plot (kg/ha) (%) (g) (g) to S (days) 
0103 X A632 15.0 5113 250 44.1 75.9 2.4 
80.7 8713 18.0 121 53.5 82.1 6.1 
Wf9 X A619 15.0 3533 302 37.6 70.7 2.7 
81.3 9480 8.2 116 45.8 78.1 6.5 
C103 X A619 15.0 4023 317 39.7 72.2 2.3 
80.0 7808 16.2 107 42.1 81.0 6.7 
C103 X Oh43 15.0 3794 324 38.3 75.1 2.1 
83-7 5763 40.6 107 43.8 86.7 10.6 
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PS-S TE-S Tassel D.W. at Plant Ear plant Grain 
interval interval Days TE PS height ht. ratio V, /L.A.b 
(days) (days) to PS (g) (g) (cm) (%) LAI (g/dm ) 
1.4 5.9 74.5 8.7 8.4 228 44.1 0.98 4.30 
7.7 10-7 74.4 5.4 6.1 264 53.5 6.22 1.33 
0.7 10.7 70.0 6.7 11.8 195 37.6 0.83 3.58 
6.7 11.4 71.4 5.5 5.7 215 45.8 6.03 1.38 
0.3 9.2 71.9 6.7 13.8 189 39.7 0.85 4.08 
8.3 12.7 72.7 7.0 7.4 232 42.1 5.65 1.28 
2.3 10.8 72.8 9.3 19.8 197 38.3 0.96 3.31 
13.7 17.3 73.0 4.2 9.2 248 43.8 6.01 0.82 
Table 109. (Continued) 
Hybrid 
Plants/ Potential Relative Ear no. Ear D.W. 
harvest yield^ yield^ Shelling Lodging ratio ratio 
plot (kg/ha) (kg/ha) percent percent (%) (%) 
A619 X A632 
B37 X A632 
Wf9 X A632 
Oh43 X A619 
B37 X A619 
B37 X Oh43 
Wf9 X Oh43 
Wf9 X B37 
C103 X B37 
C103 X Wf9 
Oh43 X A632 
C103 X A632 
Wf9 X A619 
C103 X A619 
C103 X 0h43 
15.0 
85.0 
15.0 
84.7 
15.0 
83.3 
15.0 
80.3 
15.0 
78.3 
15.0 
81.7 
15.0 
84.0 
15.0 
84.7 
15.0 
52.3 
15.0 
82 .0  
15.0 
83.7 
15.0 
80.7 
15.0 
81.3 
15.0 
80.0  
15.0 
83.7 
24573 43.7 
26482 36.3 
25249 
16608 
18249 
17361 
34.9 
46.3 
26314 36.9 
31244 30.9 
24114 38.5 
26506 31.5 
51.5 
43.9 
22922 41.4 
26829 33.4 
21607 44.0 
23046 35.5 
19884 28.7 
84.2 
82 .6  
82.3 
81 .8  
81.5 
81.7 
81.0 
77.8 
79.2 
76.3 
82 .6  
83.0 
81.9 
79.0 
82 .8  
15 
28 
38 
17 
23 
13 
48 
50 
32 
40 
33 
53 
37 
38 
77.8 35.6 
100.0 75.5 
93.3 62.2 
48.9 12.5 
80.0 
100.0 
35.0 
43.9 
57.8 24.2 
87.0 48.7 
48.9 32.1 
0 . 0  0 . 0  
91.1 54.8 
93.3 74.5 
2 . 2  0 . 0  
17.8 8.6 
4.4 0.0 
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Ear length Ear dry wei Kht 
No. of At TE At PS At TE 
Cillers/ #1 #2 #2/#l #1 #2 #2/#l #1 #2 #2/#l 
15 plants (mm) (mm) (%) (mm) (mm) (%) (g) (g) (%) 
24.7 70 57 81.3 139 116 83.6 0.33 0.19 59.5 
44 9 21.2 91 11 12.7 0.13 0.00 1.4 
4.0 68 64 104.5 131 114 87.3 0.31 0.32 112.1 
46 15 0.0 82 22 25.4 0.11 0.00 0.0 
7.7 61 54 88.1 114 118 103.8 0.22 0.17 74.9 
53 35 65.6 72 41 57.5 0.13 0.08 62.4 
4.0 28 22 78.9 122 81 66.4 0.04 0.02 70.3 
36 12 31.4 71 17 23.8 0.06 0.00 7.8 
6-0 57 51 89.9 138 99 73.4 0.20 0.17 80.1 
46 11 23.3 87 24 28.2 0.10 0.01 6.4 
4.7 44 35 77.1 119 93 78.2 0.11 0.07 60.0 
41 16 39.6 88 15 17.8 0.09 0.01 15.6 
6.7 55 45 83.3 137 111 81.3 0.18 0.14 77.5 
41 15 36.8 66 21 31.7 0.11 0.02 75.0 
0.3 39 36 91.9 99 103 105.1 0.09 0.07 75.0 
36 23 62.1 65 35 53.1 0.04 0.04 125.7 
0.3 85 70 82.4 152 131 86.7 0.41 0.26 63.6 
62 37 60.3 119 66 55.3 0.19 0.06 34.4 
1.7 57 44 78.1 125 87 69.9 0.17 0.09 48.6 
34 14 0.0 58 20 34.3 0.04 0.00 28.3 
14.7 81 58 72.8 132 101 74.7 0.31 0.21 69.6 
60 18 29.5 90 20 21.1 0.18 0.01 8.1 
4.0 85 78 91.7 133 128 96.3 0.46 0.36 77.4 
48 21 42.9 73 38 51.2 0.09 0.02 25.5 
22.7 39 30 79.4 111 82 74.6 0.07 0.03 43.3 
39 12 31.3 91 27 29.1 0.09 0.02 18.0 
1.7 35 28 78.6 143 123 85.1 0.06 0.03 47.6 
57 26 51.2 89 21 24.4 0.09 0.03 34.2 
5.3 60 46 79.1 143 101 70.6 0.23 0.11 49.1 
45 16 36.1 51 10 21.5 0.09 0.02 19.5 
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Table 109. (Continued) 
Ear dry -weight Silk length 
Plants/ At PS At TE At PS 
harvest #1 #2 #2/#l #1 #2 #2/#l #1 #2 #2/#l 
Hybrid plot (g) (g) (%) (mm) (mm) (%) (ram) (mm) (%) 
A619 X A632 15.0 1.81 0.92 51.2 42 16 54.9 267 225 84.7 
85.0 0.71 0.01 1.9 10 0 0.0 102 0 0.0 
B37 X A632 15.0 1.84 1.42 77.5 84 39 43.5 279 231 83.5 
84.7 0.55 0.03 4.0 14 22 0.0 100 3 1.9 
Wf9 X A632 15.0 1.09 0.98 91.0 30 10 42.4 231 215 94.1 
83.3 0.37 0.08 21.6 20 0 0.0 51 2 3.8 
Oh43 X A619 15.0 1.73 0.74 43.3 0 0 00.0 196 109 55.4 
80.3 0.53 0.02 4.2 18 0 0.0 68 0 0.0 
B37 X A619 15.0 1.13 0.84 73.0 26 11 35.0 202 143 69.1 
78.3 0.53 0.05 11.1 7 0 0.0 77 2 2.7 
B37 X 0h43 15.0 1.19 0.67 56.4 7 1 05.4 183 106 56.8 
81.7 0.68 0.01 1.9 0 0 0.0 105 0 0.0 
Wf9 X 0h43 15.0 1.20 0.84 69.3 19 10 58.3 211 122 57.8 
84.0 0.32 0.01 2.4 6 0 0.0 47 0 0,0 
Wf9 X B37 15.0 1.05 0.85 80.8 9 4 31.9 164 123 74.4 
84.7 0.26 0.06 24.6 0 0 0.0 39 7 16.5 
C103 X B37 15.0 2.76 1.58 59.7 76 41 54.7 274 213 78.0 
52.3 0.93 0.22 24.4 21 2 0.0 149 40 26.6 
C103 X Wf9 15.0 1.22 0.53 42.9 9 1 05.9 168 83 50.0 
82.0 0.19 0.01 6.4 2 0 0.0 14 0 0.0 
Oh43 X A632 15.0 1.74 0.99 56.2 72 31 35.5 268 158 56.1 
83.7 0.52 0.03 4.5 66 0 0.0 84 3 2.6 
C103 X A632 15.0 1.65 1.33 80.8 69 45 69.4 270 221 82.0 
80.7 0.38 0.11 27.0 0 0 0.0 56 11 17.3 
Wf9 X A619 15.0 1.12 0.49 45.1 13 0 0.0 201 74 38.1 
81.3 0.70 0.04 6.2 57 1 11.1 108 2 1.7 
0103 X A619 .15.0 1.40 0.82 58.0 19 0 33.3 204 134 64.4 
80.0 0.45 0.02 5.0 95 1 66.7 50 0 0.0 
C103 X 0h43 15.0 1.60 0.38 24.0 17 7 14.4 216 85 39.5 
83.7 0.12 0.00 1.6 0 0 0.0 6 0 0.0 
Table 110. Plant characters and the mean squares for the response of 15 
hybrids at two population levels in Experiment 4, 1969 
Grain Ear Days Silking PS-S Days 
Source d.f. yieId® D.W. to S interval interval to PS 
Blocks 2 1802 172 10.4 2.35 0.7 5.47 
Populations (P) 1 459711** 522564** 782.6** 262.83** 697.8** 2.77 
Error (a) 2 1223 696 4.0 2.61 1.3 0.97 
Hybrids (H) 14 4329** 2858** 35.0** 4.79** 20.5** 30.07** 
P X H 14 1975** 2673** 7.4** 5.61** 6.5** 0.75 
Error (b) 56 257 102 2.0 0.95 1.4 0.98 
Coefficient of 
variation (%) 7.9 5.3 1.8 23.7 31.5 1.4 
^Times 1000. 
Ear length Ear dry weight 
At PS At TE 
Source d.f. #1 #2 #2/#l #1"^ #2^ #2/#l 
Blocks 2 6.8 6.4 234 34 37 1624 
Populations (P) 1 553.2** 1436.1** 56226** 2780* 3545** 29837 
Error (a) 2 1.2 1.0 20 115 20 3737 
Hybrids (H) 14 9.8** 10.5** 907** 381** 178** 2253* 
P X H 14 4.9** 3.2* 162 179** 160** 2093 
Error (b) 56 1.6 1.4 92 42 19 1145 
Coefficient of 
variation (%) 12.1 17.9 16.7 41.8 51.3 69.0 
^Times 10,000. 
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Ear length 
TE-S Tassel D.W. at Pi Ear-plant At TE 
interval TE PS height ht. ratio #1 #2 #2/#l 
0.1 
112.0** 
0.5 
0.20 0.93 
133.48* 495.82** 
0.69 0.63 
344 40.4 
29474** 785.5** 
58 5.7 
1.00 
30.74 
1.75 
0.4 
190.9** 
0.4 
75 
52705** 
198 
35.8** 
7.0** 
1.8 
8.98** 36.76** 
3.93** 9.19** 
0.35 1.13 
2297** 
89* 
37 
78.2** 
8.2 
6.2 
8.95** 
3.30** 
1.07 
6. 1** 
3.7** 
0.5 
642** 
730** 
133 
14.4 9.3 12.6 2.7 5-7 20.0 21.9 19.3 
Ear dry weight Silk length 
At PS At TE At PS 
#ia #23 #2/#l #1 #2 #2/#l #1 #2 #2/#l 
505 
23399** 
226 
218 
15968* 
200 
157 
58122** 
111 
0.84 1.88 
89.73* 36.31* 
2-22 0.37 
840 
15974** 
511 
0.47 
51.92** 
0.03 
0.28 
47.21** 
0.22 
326 
82977** 
60 
542** 
217 
148 
218** 
133** 
38 
948** 
304** 
90 
26,14** 5.71** 
9.44** 3.26** 
2.02 0.96 
1181 
1236 
740 
0.69** 
0.23* 
0.10 
0.58** 
0.43** 
0.06 
714** 
353** 
86 
38.8 41.3 26.9 67.9 121.4 143.2 21.8 31.3 26.4 
Table 110. (Continued) 
Plants/ 
harvest Barren Wt/100 Shelling Lodging 
Source d.f. plot stalks seed percent percent 
Blocks 2 11.6 10.9 4.33 59.3 1562 
Hybrids 14 192.4** 297.7** 30.17** 47.9 621 
Error 28 22.6 19.8 6.19 46.8 581 
Coefficient of 
variation (%) 5.9 35-2 8.9 8.5 84.6 
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Ear no. Ear D.W. Tillers/ Potential Relative 
ratio ratio 15 plants d.f. yield yield 
75 116 72** 1 1523 33.35 
4259** 2054** 171** 14 33040* 82.90 
156 112 12 14 4623 20.49 
20.9 32.1 49.7 9.2 11.8 
Grain 
Source d.f. LAI /L.A. 
Blocks 1 0.10 0.008 
Populations (P) 1 432.90** 87.459** 
Error (a) 1 .07 0.035 
Hybrids (H) 14 0.63** 0.422** 
P X H 14 0.30** 0.384** 
Error (b) 28 0.06 0.054 
Coefficient of 
variation (%) 6.7 9.3 
Table 111. Plant characters and response of ten hybrids at two population 
levels in Experiment 5, 1969 
Plants/ Grain Barren Ear Wt/100 
harvest yield stalks D.W. seed Days 
Hybrid plot (kg/ha) (%) (g) (g) to PS 
NRl 15.0= 191 63.2 
83.5^ 8822 0.6 92 64.0 
NRl f® 15.0 • 184 64.0 
87.5 7761 9.6 90 67.3 
P 60715 15.0 133 19.1 75.1 
82.8 7682 1.2 86 16.4 77.1 
P 60703 15.0 176 21.8 74.0 
81.5 8530 11.6 108 19.5 76.6 
P 3773 15.0 305 29.8 72.5 
80.8 8585 11.5 110 24.0 74.1 
P 3567 15.0 231 26.9 76.9 
75.5 10057 3.3 127 23.3 80.4 
P x8193 15.0 150 21.5 75.4 
74.5 6690 15.5 98 19.3 79.9 
Q66 X Q67 15.0 184 22.2 78.7 
83.0 7071 19.9 98 18.3 85.1 
Q31 X Q32 15.0 183 23.4 80.5 
81.5 8493 16.9 115 21.8 81.6 
Q97 X Q98 15.0 205 22.1 81.2 
74.8 7638 17.2 116 20.5 84.9 
^Days from 25 to 75% silking. 
^Mixture of 50% fertile and 50% male-sterile seed. 
^15.0 equal 12,400 plants per hectare. 
^85.0 equal 98.800 plants per hectare. 
^100% fertile seed. 
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Silking PS-S Tassel Plant Ear-plant 
interval^ interval Days D.W. height ht. ratio 
(days) (days) to PS (g) (cm) (%) 
2.7 -1.3 64.6 
3.1 -4.7 68.7 
2.3 -0.4 64,4 
4.5 1.2 66.1 
2.9 1.8 73.3 
4.0 3.1 74.0 
1.6 0.0 74.0 
5.4 3.0 73.6 
3.3 -1.2 73.7 
5.1 1.4 72.6 
2.2 0.4 76.5 
1.9 1.7 78.7 
2.8 0.0 75.4 
6.5 3.1 76.8 
2.9 -1.3 80.0 
2.5 2.3 82.8 
1.7 -0.7 81.2 
2 . 6  0 . 0  8 1 . 6  
1.8 0.3 80.8 
4.7 2.7 82.2 
5.19 131 41.7 
2.44 172 44.9 
8.00 133 40.4 
4.98 175 48.0 
10.90 183 49.9 
7.18 213 49.5 
12.44 212 42.8 
7.13 249 49.0 
6.39 207 41.3 
7.20 229 44.1 
6.91 208 36.0 
6.64 249 40.6 
13.42 220 46.1 
6.29 264 52.9 
13.86 245 49.4 
5.01 293 54.0 
8.57 244 49.4 
6.02 280 56.3 
14.79 244 54.3 
6.98 276 60.3 
Table 111. (Continued) 
Hybrid 
Plants/ Ear no. Ear D.W. No. of 
harvest Shelling Lodging ratio ratio tillers/ 
plot percent percent (%) (%) 15 plants 
NRl m 
NRl f 
P 60715 
P 60703 
P 3773 
P 3567 
P x8193 
Q66 X Q67 
Q3I X Q32 
Q97 X Q98 
15.0 
83.5 
15.0 
87.5 
15.0 
82 .8  
15.0 
81.5 
15.0 
8 0 . 8  
15.0 
75.5 
15.0 
74.5 
15.0 
83.0 
15.0 
81.5 
15.0 
74.8 
81.9 
81.4 
84.4 
84.6 
81.7 
82.7 
8 1 . 8  
84.8 
85.3 
82.5 
84.2 
81.7 
84.6 
83.4 
77.3 
78.9 
21 
40 
91 
49 
94 
69 
51 
73 
54 
91 
6.7 
5.0 
236.7 
106.7 
10.0 
101.7 
138.3 
190.0 
155.0 
108.3 
1.4 
1.4 
155.6 
78.7 
4.5 
54.4 
102.5 
1 1 8 . 2  
98.9 
87.6 
0.0 
0.0 
6.3 
13.3 
9.3 
12.5 
12.5 
3.3 
7.5 
15.5 
Average of ratios from each of four replications, 
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Ear length at PS Ear D.W. at PS Silk length at PS 
~¥i #2 #2/#lt ~1FL #2 #2/#lt "#ï #2 #2/# If 
(mm) (mm) (%) (g) (g) (%) (mm) (mm) (%) 
125 102 81.8 
100 45 45.0 
100 82 81.6 
73 17 23.0 
99 90 90.8 
71 46 65.4 
109 90 82.9 
75 24 32.6 
139 89 59.5 
70 23 33.3 
124 80 63.9 
72 25 33.0 
107 94 88.2 
80 43 55.0 
135 127 93.7 
73 47 64.4 
97 84 86.8 
87 45 55.9 
123 114 92.8 
76 42 56.6 
2.50 1.45 61.7 
1.05 0.13 13.6 
1.26 1.08 101.9 
0.69 0.03 3.8 
0.81 0.71 94.3 
0.39 0.11 29.7 
1.28 0.90 71.6 
0.50 0.05 9.7 
2.16 1.02 44.5 
0.44 0.02 4.1 
1.12 0.38 31.8 
0.37 0.03 6.3 
1.07 0.78 77.5 
0.52 0.14 30.5 
1.97 1.88 100.1 
0.64 0-21 32.0 
1.30 0.84 70.6 
0.88 0.19 35.5 
1.70 1.36 80.3 
0.57 0.16 26.9 
297 239 81.6 
199 29 14.6 
241 181 75.0 
148 3 1.9 
172 153 87.6 
93 17 18.7 
235 165 70.3 
112 6 4.3 
243 158 54.5 
71 2 2.3 
216 108 47.8 
75 0 0.0 
245 194 80.2 
144 33 20.3 
338 329 97.4 
143 47 32.9 
237 195 76.0 
198 43 32.2 
270 221 81.9 
77 15 15.5 
Table 112. Plant characters and the mean squares for the response of ten 
hybrids at two population levels in Experiment 5, 1969 
Grain Ear Wt/100 Days Silking PS-S 
Source d.f. yield^ D.W. seed to S interval interval 
Blocks 3 563* 428 0.8 0.3 2.79 2.33 
Populations (P) 1 384437** 162607** 141.6** 172.3** 51.84** 52.81** 
Error (a) 3 54 76 0.8 0.6 0.31 0.96 
Hybrids (H) 9 3266** 6170** 68.8** 343.6** 5.50** 18.64** 
P X H 9 3241** 3480** 4.1* 5.7** 4.70** 7.96** 
Error (b) 54 340 107 1.8 1.9 1.03 1.52 
Coefficient of 
variation (%) 9.9 6.9 6 . 2  1 . 8  31.2 2 1 6 . 2  
Times 1000. 
Source d.f. 
Ear D.W. at PS 
#1 #2  #2/#l 
Silk length at PS 
# 1  #2 #2/#l 
Blocks 3 0.454 0.089 559 2538 803 
Error (a) 3 0.271 0.064 781 2440 1868 
107 
Populations (P) 1 16.626** 17.466** 58756** 304944** 608776** 74325** 
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Hybrids (H) 
P X H 
Error (b) 
9 0.945** 
9 0.431* 
54 0.203 
0.440** 
0.313** 
0.075 
1930** 
833 
509 
12014** 
5333 
2599 
10873** 
4689 
2280 
1270** 
191 
323 
Coefficient of 
variation (%) 42.3 47.7 48.7 27.2 44.6 40.2 
253 
Days Tassel Plant Ear-planC Shelling Ear length at PS 
to PS D.W. height ht. ratio percent #1 #2 #2/#l 
1.36 
34.33* 
1.95 
0.41 
329.76** 
4.96 
116 
27833** 
55 
6.6 
465.9** 
7.2 
4.02 
0.47 
4.48 
472 
210 
270 
340 
35 
29414** 70636** 25612* 
208 
270.21*d 
4.59* 
1 . 8 2  
36.75** 
20.28** 
2.51 
14192** 
113 
112 
258.0** 
11.7 
7.2 
33.59** 
7.93** 
1.24 
617** 
685** 
216 
1174** 
307 
258 
1225** 
227 
153 
l . J  19.8 4.8 5.7 1.4 15.2 24.5 19.2 
Source 
Plants/ 
harvest Barren Lodging Ear no. Ear D.W. No. of 
d.f. plot stalks percent ratio ratio tillers 
Blocks 
Hybrids 
Error (a) 
Coefficient of 
variation (7„) 
3 37.4 28.0 474 804 163 15.7 
9 73.5* 195.1* 2384** 25282** 11498** 124.3** 
27 27.3 64.9 304 475 177 17.5 
6.5 27.5 20 .6  18.9 52.3 
